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ABSTRACT
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The Environmental Impact of Immigration in the United States
by
Guizhen Ma, Doctor of Philosophy
Utah State University, 2020

Major Professor: Dr. Erin Trouth Hofmann
Department: Sociology
The argument that immigration is harmful to the environment in the United States
is grounded on the population pressure caused by immigrants. However, the few
empirical studies suggest that locations with higher numbers of immigrants experience
better air quality than locations with greater proportions of U.S.-born residents. While
spatial autocorrelation of air quality is evident, it has not been addressed in prior research.
This study investigated the environmental impact of immigration in three steps. First, I
tested the relationship between U.S.-born population size, foreign-born population size,
and air quality across all the U.S. continental counties, using the air quality domain of the
Environmental Protection Agency's (EPA) Environmental Quality Index (EQI). The
findings showed that U.S.-born population was associated with worse air quality, while
foreign-born population was associated with better air quality, with variation by
immigrants’ origin and year of entry. Second, I extended the analysis of the association
between populations and air quality to a panel study by using the EPA’s Air Quality
Index (AQI) for contiguous U.S. counties from 2007 to 2014. I found that total
population, U.S.-born population, and foreign-born population were not associated with

worse but better air quality. The results supported political economy theories and
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indicated that ecologically unequal exchange between core and peripheral countries
mitigated the population pressure in the United States. These two quantitative studies
employed spatial models to account for spatial autocorrelation of air quality. Third, I
conducted a qualitative study to explore the differential associations between populations
and the environment through interviews with Chinese immigrants, Mexican immigrants,
and U.S.-born Whites regarding their household environmental behaviors. The research
found the disparity in environmental behaviors among the three groups, with immigrants
using less energy, driving less, and generating less waste. The study also suggests the
importance of cultural diversity for environmental sustainability.

(190 pages)

PUBLIC ABSTRACT
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The Environmental Impact of Immigration in the United States
Guizhen Ma

Population growth increases pressure on the environment. Immigration may be
harmful to the environment because it is the major force of population growth in the
United States. However, this argument has not been supported by research findings. A
few studies on this topic show that locations with higher numbers of immigrants
experience better air quality than locations with greater proportions of U.S.-born
residents. This research investigated the environmental impact of immigration through
three independent studies. First, I tested the relationship between U.S.-born population,
foreign-born population, and air quality across all the U.S. continental counties. This
study analyzed the air quality data extracted from the Environmental Quality Index (EQI)
provided by the Environmental Protection Agency's (EPA). The results showed that U.S.born population was associated with worse air quality, while foreign-born population was
associated with better air quality. These associations varied by immigrants’ origin and
year of entry. Second, I examined the association between populations and air quality
across some contiguous U.S. counties over eight years from 2007 to 2014, using the
EPA’s Air Quality Index (AQI). I found that total population, U.S.-born population, and
foreign-born population were not associated with worse but better air quality. The results
indicated that population may not be the root cause of environmental harm. Third, I
explored the differential associations between populations and the environment through

interviews with Chinese immigrants, Mexican immigrants, and U.S.-born Whites
regarding their household environmental behaviors. The research found different
environmental behaviors among the three groups. The immigrants tended to use less
energy, drive less, and produce less waste. The study suggests that culture has an
influence on environmental sustainability.
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CHAPTER I
INTRODUCTION

The United States, the country of immigration, has long been struggling with
immigration issues, including economic, political, social, and environmental problems.
Although contentious, immigration has been linked to various negative consequences for
the environment (Beck 1996; Cafaro 2015; Chapman 2006; Garling 1998; Krikorian
2008; Population-Environment Balance 1992). This argument is grounded in the
environmental pressure of population growth driven by immigration in the USA. While
reducing the immigrant population may sound the best solution to ease the pressure on
the ecosystem, it is complicated by the U.S.’s inseparable relationship with immigration.
Despite higher fertility rates among immigrants, the total fertility rate in the USA still
falls below replacement level (The World Bank 2019). Immigration plays an essential
role in sustaining the labor force and supporting the aging society. Moreover, the
population pressure argument ignores the disparity in the environmental impact of U.S.born and foreign-born populations. The U.S. high-consumption lifestyle is maintained by
the use of natural resources that is disproportionate to its population. The United States,
with 4.7% of the world’s population, consumed 25.3% of all fossil fuels in 2000, which
was even greater than the 15 nations of the European Union that consumed 14.8% of
fossil fuels with 6.2% of the world’s population (Ewing 2004). Evidence shows that
consumption by Whites disproportionately causes air pollution in the USA (Tessum et al.
2019). Therefore, it is imperative to investigate the differential impacts of diverse
populations, i.e., whether immigration has an environmental impact that is
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disproportionate to its number, compared to the U.S.-born population (Kraly 1998).
Despite the prevalent argument that immigration is the driving force behind
environmental harm in the USA, only a handful of empirical studies have compared the
environmental impact of U.S.-born and immigrant populations. However, the prior
studies are all quantitative analyses of small samples in metropolitan areas and do not
account for the autocorrelation of air quality across spatial units.
How do immigrants specifically affect the environment? How does their impact
differ from that of the U.S.-born population? My dissertation answers these research
questions by using both quantitative and qualitative methodologies. First, I test the
association between air quality and the two populations, i.e., U.S.-born and foreign-born
population, using spatial analysis of data for all the U.S. contiguous counties. The
foreign-born population is also broken down by origin and year of entry to explore the
potential variations. This study is cross-sectional, due to limited availability of
environmental data for the entire country. Second, I extend the research to a spatial panel
study covering eight years for about one-third of the U.S. contiguous counties. The panel
study is able to reveal the causality of the population-environmental relationship. Third, I
conduct a qualitative study on the household environmental behaviors of U.S.-born
Whites and two immigrant groups: Chinese and Mexican immigrants, to explore the
differences in behaviors that directly affect the environment across the three populations.
The three papers of my dissertation advance the literature and provide substantial
evidence on the controversy over the environmental impact of immigration through
empirical studies.
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Literature Review
Despite the long history of immigration to the USA, there are many calls to
restrict new immigration to the country, with activists citing a variety of negative impacts
of immigration. Among these potential consequences of immigration, environmental
harm is of particular interest. As environmental sustainability has drawn increasing
attention, the environmental pressure posed by immigration is highlighted as the logic of
restricting immigration (Hultgren 2014; Park and Pellow 2011). The population pressure
argument derives from Malthus (1798) and Ehrlich’s (1968) warning that population will
outgrow its resources if left unchecked. Population growth increases the consumption of
energy, water, and other natural resources and waste and pollution (Bartlett and Lytwak
1995; Butler 2015; Catton 1982). Troubled by anxiety over population growth, the
restrictionists have easily targeted immigration because it is the major source of
population growth in the USA (Beck 1996; Beck et al. 2003; Cafaro 2015; Cafaro and
Staples 2009; Chapman 2006; DinAlt 1997; Garling 1998; Krikorian 2008; PopulationEnvironment Balance 1992; Simcox 1992; Zuckerman 1999).
Research on the environmental impact of population primarily focuses on air
quality, using IPAT or STIRPAT models, which examine the effects of population,
affluence, and technology (Dietz and Rosa 1994; Ehrlich & Holdren 1971). Results show
that population is positively associated with at least some air pollutants (Cole and
Neumayer 2004; Cramer 1998; Cramer 2002; Cramer and Cheney 2000; Lankao et al.
2009; Laureti et al. 2014; Preston 1996; Price and Feldmeyer 2012; Squalli 2009; Squalli
2010). Affluence and technology also affect the environment (Commoner 1972a, 1972b;
Preston 1996; Rudel et al. 2011). However, population growth, driven by either native-
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born or foreign-born people, has an ecological footprint.
While immigration is blamed for environmental degradation in the USA, only a
few studies examine the environmental consequences of immigration specifically, and all
focus on air pollution (Cramer 1998; Price and Feldmeyer 2012; Squalli 2009, 2010).
These studies test the impact of immigrant population on air quality measured by ROG,
NOx, SOx, CO, and PM10 in California (Cramer 1998), by CO, NO2, PM10, and SO2 in
some U.S. counties (Squalli 2009) and across all U.S. states (Squalli 2010), and by CO,
NO2, PM10, SO2, PM2.5, and O3 and an index of these pollutants for 183 Metropolitan
Statistical Areas (Price and Feldmeyer 2012). Despite the differences in the
measurements of air quality and samples, the conclusions of these studies are similar.
Immigrant population was not associated with most air pollutants, while U.S.-born
population was more likely to be associated with air pollutants. Larger immigrant
populations were even associated with lower levels of some pollutants (Cramer 1998;
Price and Feldmeyer 2012; Squalli 2010). Therefore, compared to U.S.-born population,
immigrant population may be less harmful to the environment. A limitation of the prior
studies is the lack of consideration of spatial autocorrelation.
Immigrants, in general, are more likely than native-born people to engage in proenvironmental behaviors, such as carpooling, saving energy, eating less meat, and
recycling (Blumenberg and Smart 2010; Chatman and Klein 2009; Heisz and
Schellenberg 2004; Hunter 2000; Pfeffer and Stycos, 2002; Uteng 2009). Variations in
environmental behaviors are also evident among immigrants. Compared to native-born
people, Latino and Asian immigrants were less likely to have personal cars and good
housing conditions (Bohon et al. 2008; Klocker et al. 2015). Hispanics and Asians used
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less energy and produced less carbon dioxide pollution than Whites and Blacks in
California (Lutzenhiser 1997). Mexican immigrants were more likely than other Latinos
and U.S.-born individuals to drive less and use less household energy (Macias 2016).
Chinese culture stresses a harmonious relationship between man and nature, which
encourages environmentally friendly behaviors (Chan 2001; Lee 2017).
As some restrictionists argue, immigrants increase their negative environmental
impact once they assimilate into American consumptionism (Bartlett and Lytwak 1995;
Beck 1996; DinAlt 1997; Hall et al. 1994; Population-Environment Balance 1992).
Immigrants probably assimilate to the mainstream environmental behaviors over time due
to social pressure (Blumenberg and Shiki 2008; Carter et al. 2013; Hackett and
Lutzenhiser 1991; Hunter 2000; Macias 2016; Smith 2006). Nevertheless, immigrants
may not entirely accept American consumerism (Carter et al. 2013). Immigrants increase
driving as they resided longer in the USA but are still more dependent on public
transportation than U.S.-born population (Modarres 2013).
Meanwhile, the high-consumption lifestyle has not been paid enough attention for
environmental degradation in the Western countries, while immigration is an easy target
(Baldwin 2009; Bradley 2009; Head et al. 2019; Jones 2002; Klocker and Head 2013;
Merchant 2003; Neumayer 2006). In fact, minorities are disproportionately exposed to air
pollution caused by consumption primarily by Whites in the USA (Tessum et al. 2019).
Scholars across Western societies call for rethinking Western environmentalism and
embracing cultural diversity as a path to environmental sustainability (Anderson 2005;
Bradley 2009; Ehrlich 2002; Goodall 2008; Head et al. 2019; Klocker and Head 2013).
Diverse cultures and environmental behaviors may provide valuable information for
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environmental sustainability in the USA.
Political economy theories contend that the root cause of environmental
degradation is the global political and economic system that perpetuates uneven
distribution and consumption of natural resources (Ciplet et al. 2015; Foster et al. 2011;
Pan et al. 2008; Roberts and Parks 2007; Sato 2014; Schnaiberg 1980; Stretesky and
Lynch 2009; Weber and Matthews 2007). Even Ehrlich agrees that the developed
countries are “the principal culprits” for the depletion of natural resources (Ehrlich and
Holdren 1971: 1214). Ecologically unequal exchange between wealthy, developed
countries and their less-developed counterparts allows the residents of developed
countries to enjoy the benefits of consumption but pass the resulting environmental
degradation onto developing countries (Bunker 1984; Jorgenson and Clark 2009; Prell
and Feng 2016; Rice 2007; Rothman 1998).
In sum, research suggests the importance of examining the environmental impact
of immigrant population specifically as opposed to native-born population, instead of
focusing on population growth associated with immigration. Given the variations in
environmental behaviors among immigrants and native-born people, it is necessary to
explore how specific immigrant groups may differ in their environmental behaviors from
native-born people. Analyses of large samples would be able to extend the literature to
generalize the comparison between native-born and foreign-born populations.
Research Design
Built on the prior studies, my dissertation aims to advance the literature on the
environmental impact of immigration in the USA by a series of three research papers.
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Paper 1: A Spatial Cross-Sectional Study of Air Quality
Prior research on the relationship between immigrant population and air quality is
limited by small sample sizes and is not necessarily generalizable across the USA. Air
quality in a spatial unit may affect and be affected by air quality in its neighboring units.
Spatial analysis would reduce estimation bias caused by spatial effects. Although spatial
autocorrelation of air quality has been recognized and accounted for in studies of air
pollution (Chen et al. 2017; Havard et al. 2009; McCarty and Kaza, 2015), it is absent in
studies of the environmental impact of population.
This paper examines the association between populations and the environment
quality measured by air quality across the contiguous U.S. counties. The air quality data
is drawn from the Environmental Quality Index (EQI) constructed by the Environmental
Protection Agency (EPA) as a single point estimate covering the six years from 2000 to
2005. The EQI includes an index for five domains of environment, i.e., air, water, land,
built, and sociodemographic environments. The air domain of the EQI measures air
quality by using six criteria air pollutants — CO, SO2, NO2, ozone, PM10, and PM2.5 —
and 81 hazardous air pollutants (U.S. EPA 2014). The values of the air index range from
−3.24 to 2.79, with the lower values indicating better air quality. To visualize the data of
counties with varying air quality and immigrant populations, I make a map in ArcGIS.
This study examines the association between U.S.-born and foreign-born
populations and air quality, controlling for income, employment by industry, commute
time, and location characteristics indicated by rural-urban continuum codes (RUCC).
Most of the data are drawn from the 2000 U.S. Census. I also break down the immigrant
population to identify the possible variations in environmental impact. One breakdown is
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immigrants from 13 regions or countries that account for more than 3% of the total U.S.
foreign-born population in 2000. Another is to classify immigrants into eight
subcategories by year of entry from before 1965 to March 2000 to capture the influence
of acculturation of immigrants.
I use Moran’s I statistics to measure the degree of clustering of data and spatial
weights to capture the spatial structure of air quality. Given the clustering of data, I
implement diagnostics tests for spatial dependence after estimating OLS models. To
account for the spatial autocorrelation of air quality, three spatial models are used. Spatial
autocorrelation is represented by three interaction effects: endogenous interaction effects,
exogenous interaction effects, and interaction effects among the error terms (Elhorst
2014). Spatial lag model (SLM) addresses the spatial autocorrelation of the dependent
variable. Spatial error model (SEM) accounts for spatial autoregressive error. Spatial
autoregressive model with autoregressive disturbances (SARAR) combines both
endogenous interaction effects and interaction effects among the error terms.
These spatial models provide a more accurate understanding of the relationship
between air quality and immigration across all contiguous U.S. counties. Another
contribution of this study is the breakdown of immigrant population by country of origin
and year of entry, which provides evidence of the variation in the association between
populations and air quality. It suggests a new research direction on the differential impact
of immigrant groups, which lays the ground for my third paper.
Paper 2: A Spatial Panel Study of Air Quality
The purpose of the second paper is to explore further the environmental impact of
native and foreign-born populations over a longer time period. Including my first paper,
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all the prior studies of the relationship between air quality and immigrant population are
not panel studies. Although previous studies show that immigrant population is
associated with better air quality while U.S.-born population is associated with worse air
quality, it remains unknown whether immigration influences air quality or vice versa.
Another concern is that some characteristics of the spatial units may be omitted in prior
studies. Panel study is important to test causality between the variables and address
omitted variable bias (Finkel 1995).
In this study, I analyze the relationship between air quality and populations across
one-third of U.S. contiguous counties over eight years, accounting for spatial
autocorrelation of the data. The only panel data of air quality is the Air Quality Index
(AQI) provided by EPA. Unlike EQI, AQI has been constructed since 1980 based on the
data of several air pollutants collected from local monitor sites. However, most of the
counties did not report the data regularly. Because of the large number of missing AQI
and the availability of independent variables, I focus on the data from 2007 to 2014.
AQI is a single index representing the concentration of six pollutants: O3, PM10,
PM2.5, CO, SO2, and NO2. The AQI value indicates the level of potential health harm for
each pollutant. The values range from 0 to 500, with smaller numbers indicating better air
quality. The sample includes 1,070 counties in the contiguous USA that report AQI for at
least four years in the study period. The median values of AQI, used as the dependent
variable, ranging from 0 to 108, with 90% of observations having median AQI values of
no more than 50. The limitation of AQI is that it may not be comparable across counties
because not all counties measure all six pollutants every day. I have contacted an EPA
expert on this issue and made sure this limitation does not invalidate the use of the data.
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AQI has been widely used by the public and in previous literature (Laumbach 2010; Lee
et al. 2009; Lee, Ballinger, and Domino 2012; McCarty and Kaza 2015; Qiu and Kaza
2017).
I employ two different population specifications in this panel study. The first
specification is the total population and the percent of foreign-born population. The
second is U.S.-born population and foreign-born populations. The population data are
drawn from the U.S. Census Bureau’s American Community Survey (ACS) 5-year
estimates. The 5-year estimates are assigned to their middle years, following the
suggestion of the National Research Council (2007: 212).
Other independent variables, including those representing technology and
affluence, are also from ACS 5-year estimates. Technology is indicated by the total
number of persons employed in major industries that produce emissions: agriculture,
manufacturing, utilities, transportation, and warehousing. Affluence is measured by per
capita income. The county average of commuting time is also included due to traffic
emissions associated with it.
The data show spatial autocorrelation of air quality and the independent variables,
which implies that air quality, population, income, employment, and commute time in
one county can influence both local air quality and that in neighboring counties. To
address this issue, I estimate fixed effects spatial panel models. A spatial Durbin model
(SDM) accounts for spatial autocorrelation in both dependent and independent variables
(Elhorst 2014; LeSage and Pace 2009). A spatial Autocorrelation Model (SAC) or Spatial
Autoregressive Model with Autoregressive Disturbances (SARAR) takes into
consideration both endogenous interaction effect and interaction effects among the error

11

terms (Elhorst 2014; LeSage and Pace 2009). This study improves knowledge about the
association between population and air quality through a spatial analysis of panel data.
Paper 3: A Qualitative Study of Environmental Behaviors
Prior quantitative research has found that the association between population and
environmental quality varies by populations, with native-born population is more likely
than foreign-born population to be associated with worse air quality (Cramer 1998; Price
and Feldmeyer 2012; Squalli 2010). The first paper of my dissertation also shows
variations in the association with air quality by immigrant groups. A qualitative study of
environmental behaviors would provide insights into the reason for the different
associations. My third paper compares the environmental behaviors of U.S.-born Whites
with Chinese and Mexican immigrants through interview studies.
Existing research on immigrants’ environmental attitudes and behaviors focuses
primarily on Mexican and other Latin American immigrants. As the largest single group
of immigrants in the U.S., Mexicans are an important population for study. However,
mainland Chinese immigrants are now the third-largest immigrant group in the
U.S.(Migration Policy Institute 2018) and have not received attention in the limited
existing studies on environmental behaviors. Chinese culture is substantially different
from U.S. culture, which implies variation in environmental behaviors between the two
groups. This difference may be larger than the cultural difference between the U.S.
natives and other major immigrant groups such as Latinos. As a Chinese, I am well
placed to study this growing immigrant group.
I can interview Chinese immigrants in their mother language and understand the
nuance of Chinese culture. These are important to code the interviews and interpret the
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meanings. For the interviews with Mexican immigrants, I collaborated with Spanishspeaking researchers.
Research on environmental behaviors often involves both the private sphere (such
as household conservation practices) and public sphere activities (such as environmental
activism and voting). Immigrants often fail to engage in public activities, not due to their
indifference to the environment, but due to their marginal status, language barriers, or
cultural differences (Clarke and Agyeman 2011; DeSipio 2011; Klocker and Head 2013;
Lien et al. 2004; Pfeffer and Stycos 2002; Ramakrishnan and Viramontes 2010). Despite
immigrants’ limited public activism, household environmental behaviors are important
for environmental sustainability (Gibson et al. 2013; Klocker and Head 2013; Lane and
Gorman-Murray 2011; Reid et al. 2010; Waitt et al. 2012). I focus on household
environmental behaviors, including household energy use, transportation, and waste
management.
Given the funding and time constraints, I conduct the interviews in Cache County.
For the Chinese interviews, all the relevant paperwork is written in both English and
Chinese. I post research recruitment flyers in both physical locations and social media, by
myself or by the help of others. I also directly ask people if they can participate in the
interview. During the interviews, I ask semi-structured questions regarding household
energy use, transportation, and waste management. I also ask Chinese immigrants
whether their behaviors are influenced by Chinese culture and change since they came to
the USA. After all the interviews are transcribed, I code the data to find the emerging
themes.
The 20 Mexican interviews are conducted with the same procedures and questions
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when extra funding and Spanish speaking interviewers are available at a later time.
This qualitative study helps to gain insights into the relationship between
populations and the environment through rich information provided by the interviews.
Supplementary to the two quantitative studies, it is crucial to link daily activities to the
environment and identify the differences and their implications for environmentalism.
Conclusion
The environmental impact of immigration is more alleged than studied.
Consequently, it is more of an excuse to restrict immigration than a motivation to address
environmental challenges. It would be better to focus on how to solve environmental
issues instead of blaming one or another. To this end, empirical studies are highly needed
to provide scientific evidence on the environmental impact of different populations.
Through a series of three studies, my dissertation investigates the association
between populations and the environment by using both quantitative and qualitative
methods and from different angles. The spatial cross-sectional study is able to generalize
the association across the U.S. contiguous counties. The spatial panel study extends
further to examine the causality of the association between populations and the
environment. The qualitative study digs into daily environmental behaviors to identify the
cultural influence on the environment and the potential for reducing environmental harm.
The two quantitative studies advance the literature through novel findings from spatial
analysis. The qualitative research is the first comparative study of environmental
behaviors across U.S.-born and foreign-born populations.
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CHAPTER II
IMMIGRATION AND ENVIRONMENT IN THE U.S.: A SPATIAL STUDY OF AIR
QUALITY *

Introduction
The United States has long ranked as the top destination country for international
migrants. According to the United Nations, the immigrant population in the U.S. reached
49.8 million in 2017, accounting for 19% of the world’s total (UN, 2017: 6). Despite the
importance of immigration in U.S. history and society, issues of immigration are
politically charged and hotly debated, with many political leaders and activists calling for
increased restrictions on immigration. Environmental issues, like immigration issues,
have gained much attention academically and politically. While opponents cite many
reasons to halt immigration, the environmental threat posed by immigrants is an issue that
uniquely bridges disparate parts of the American political spectrum (Hultgren, 2014, Park
and Pellow, 2011).
Immigrants have been blamed for environmental problems such as air pollution
and energy shortages (Beck, 1996; Beck, Kolankiewicz, & Camarota, 2003; Cafaro,
2015, Cafaro and Staples, 2009, Chapman, 2006, DinAlt, 1997, Garling, 1998, Krikorian,
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2008, Population-Environment Balance, 1992, Simcox, 1992, Zuckerman, 1999). Others
argue that this claim ignores the root causes of both immigration and environmental
issues (Angus and Butler, 2011, Hultgren, 2014, Muradian, 2006, Neumayer, 2006).
Moreover, research indicates that immigrants consume less and produce less waste than
natives (Atiles & Bohon, 2003; Bohon, Stamps, & Atiles, 2008; Blumenberg and Shiki,
2008, Chatman and Klein, 2009, Hunter, 2000, Pfeffer and Stycos, 2002).
Because immigration is a substantial factor in U.S. population growth,
immigration has a clear potential for impact on environmental quality through population
pressure, as any type of population growth would. But the argument that population
pressure is detrimental to the environment is not sufficient to prove that immigration
specifically is harmful. There is a stark contrast between the widespread claims of
negative environmental impacts of immigration and the scanty empirical research on this
issue. To the best of our knowledge, there are only five empirical studies on the
association between environment and immigration in the U.S. (Cramer, 1998, Price and
Feldmeyer, 2012, Squalli, 2009, Squalli, 2010; Ma & Hofmann, n.d.). The five studies
analyze the association between immigration and air quality with variation in their
indicators of air quality, study units, and methods. All found little or no relationship
between immigration and most indicators of air pollution. These studies provide valuable
evidence for the debate over the relationship. However, only one considers spatial
dependence, which is an important feature of air quality, and all are hampered by limited
sample sizes.
Spatial analysis has been widely used to reduce estimation bias caused by spatial
effects. This study aims to examine the association between air quality and immigration
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by using spatial analysis to account for spatial autocorrelation of air quality. We utilize
the Environmental Quality Index (EQI), which was constructed by the Environmental
Protection Agency (EPA) during 2000–2005 for all the U.S. continental counties (the
only air quality index available across all U.S. counties), and variables from population,
economic development, to location characteristics. Our spatial model provides insights
into the relationship between air quality and immigration across all contiguous U.S.
counties.
Literature review
The population pressure perspective links immigration to environmental
degradation in the U.S. through the impact of immigration as a component of population
growth. We present a review of this body of work, followed by a review of the much
smaller body of research on the specific association between immigration and
environment.
Population pressure perspective and immigration
The population pressure is pervasive in both public discussion and in the
academic field. Relying on Malthus’ (1798) population theory and the work of Ehrlich
(1968), the population pressure perspective argues that population growth poses pressure
on the local and global environments because it increases consumption of energy, water,
and other natural resources, and generates more waste and pollution (Bartlett and Lytwak,
1995, Butler, 2015, Catton, 1982). And, immigration, as the major component of
population growth in the U.S., increases pressure on local ecosystems and causes
populations to exceed the capacity of the local environments to support them (Beck,
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1996, Beck et al., 2003, Cafaro, 2015, Cafaro and Staples, 2009, Chapman, 2006, DinAlt,
1997, Garling, 1998, Krikorian, 2008, Population-Environment Balance, 1992, Simcox,
1992, Zuckerman, 1999).
Empirical research on the relationship between population growth and
environment commonly employs the IPAT (Impact = Population × Affluence ×
Technology) model (Ehrlich & Holdren 1971) or STIRPAT model (Dietz & Rosa 1994)
for environmental impact by regression on population, affluence and technology. Air
quality data is frequently examined in research on the environmental consequences of
population because data for air quality are more available than data for other
environmental domains. Population growth impacts the environment, although the
precise nature of the relationship is uncertain. Population is positively associated with air
pollution, but the association holds only for some examined pollutants and not others
(Cole and Neumayer, 2004, Cramer, 1998, Cramer, 2002, Cramer and Cheney, 2000;
Lankao, Tribbia, & Nychka, 2009; Laureti, Montero, & Fernández-Avilés, 2014; Preston,
1996, Price and Feldmeyer, 2012, Squalli, 2009, Squalli, 2010). In addition to population,
economic development, technology, and political system also substantially affect the
environment (Commoner, 1972a, Commoner, 1972b, Preston, 1996; Rudel, Roberts, &
Carmin, 2011).
Since immigration is the major source of population growth in the U.S.,
immigrants have been linked to a variety of local environmental problems. Immigration
allegedly increases pressure on sewage treatment, conversion of rural land, natural
habitats, and transportation (Garling, 1998), energy consumption, air pollution, water
pollution and flooding (Abernethy, 2002, Beck et al., 2003), as well as food consumption,
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and chlorofluorocarbon production (DinAlt, 1997). Immigration is hypothesized to harm
the environment through three pathways. First is the population pressure pathway, which
argues that immigration leads to population growth and that all population growth has
negative environmental impact. Immigrant population is potentially more harmful than
native population because of higher fertility among immigrants compared to natives
(Ehrlich & Ehrlich, 1991).
The second pathway is through assimilation into American consumption patterns.
The United States, home to 4.7% of the world’s population, consumed 25.3% of all fossil
fuels and generated 20.6% of all greenhouse gases in 2000. The 15 nations of the
European Union, which enjoy standards of living comparable to the United States,
collectively contained 6.2% of the world’s population, consumed 14.8% of fossil fuels,
and generated 11.8% of greenhouse gases (Ewing, 2004). Some argue that immigrants
are particularly harmful to the environment in the U.S. because they adopt American
consumption habits (Bartlett and Lytwak, 1995, Beck, 1996, DinAlt, 1997, Hall et al.,
1994; Population-Environment Balance, 1992). However, empirical research indicates
that this is not the case. Immigrants, at least in the first generation, do not necessarily
adopt American consumerist values (Carter, Silva, & Guzmán, 2013). They also exhibit
higher levels of environmental concern than native-born residents (Hunter, 2000), and are
more likely to engage in environmentally-friendly behaviors, such as carpooling and
energy-saving (Atiles and Bohon, 2003, Blumenberg and Shiki, 2008, Bohon et al., 2008,
Chatman and Klein, 2009, Hunter, 2000, Pfeffer and Stycos, 2002; Takahashi, Duan, &
Van Witsen, 2017). Therefore, immigration may be less harmful to the environment in
the U.S. than the native population.
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The third pathway is community disorganization. Social disorganization theories
view diminished social control in ethnically heterogeneous communities as one of the
adverse effects of immigration (Bursik, 1999, Bursik and Grasmick, 1993, Warner,
1999). Immigrants are often susceptible to environmental harms because they have less
income and political clout in order to organize to address environmental issues
(Feldmeyer, 2009, Light and Gold, 2000, Steffensmeier and Demuth, 2001, Martinez,
2002, Portes and Rumbaut, 2006, Stowell, 2007). The very foundation of social
disorganization perspective, however, is questioned by the findings that immigration may
lead to the development of new types of social organization to mediate the negative
effects (Chavez and Griffiths, 2009, Lee and Martinez, 2002, Lee and Martinez, 2009,
Ousey and Kubrin, 2009, Schnapp, 2015, Sydes, 2017).
Some scholars (Hultgren, 2014, Neumayer, 2006) argue that it is inappropriate to
employ environmental reasons in support of calls for restrictions on immigration. Though
“green” arguments may be emotionally compelling even in the absence of clear scientific
findings, Kraly (1998) asserts that it is important to explore whether the environmental
impact of immigration is proportionate or disproportionate to its numbers, separating the
effects of immigration from the more general role of population growth.
Empirical research on environmental impact of immigration
Empirical research specifically on the environmental impact of immigration to the
U.S. is limited. To date, there are only five studies and all focus on air quality in the U.S.
(Cramer, 1998, Price and Feldmeyer, 2012, Squalli, 2009, Squalli, 2010; Ma & Hofmann,
n.d.). The four studies of other authors employ different combinations of air pollutants as
indicators of air quality. The most commonly used air pollutants are NOx, SOx, CO, and
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PMx.
Cramer (1998) investigates the relationship between population growth and air
quality, which is measured by the reactive organic gases (ROG), NOx, SOx, CO, and
PM10 in California. He finds that population growth is strongly associated with some
sources of emissions but not with others. There is no evidence that the impact of
population growth depends on immigration. On the contrary, higher concentrations of
immigrants are associated with lower levels of one of the five air pollutants examined.
Thus, he argues that increased air pollution mainly comes from the pressure of domestic
population rather than immigration. Though the study covers only California, the large
population of immigrants in this region justifies his findings in explaining immigration’s
impact on the environment.
Using data for approximately 200 U.S. counties, primarily in urban areas, Squalli
(2009) tests the relationship between native-born and foreign-born population and the
four commonly used air pollutants. He finds that the size of the U.S.-born population is
associated with higher levels NO2, PM10, and SO2. The size of the immigrant population
is associated with lower levels of SO2 and higher levels of CO. Immigrant population is
relatively less harmful to the environment than natives.
Squalli (2010) examines the relationship between immigration and emissions of
the same four air pollutants, CO, SO2 NO2, and PM10, at the state level. He finds that U.S.
states with larger shares of foreign-born residents have lower emissions of not only SO2,
but also NO2. The higher CO associated with foreign-born population in his county-level
study is not present in the state-level study.
Price and Feldmeyer (2012) examine the effects of immigration on local air
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pollution levels in 183 Metropolitan Statistical Areas. Air pollution is measured by CO,
NO2, Ozone, SO2, PM10, PM2.5 provided by EPA, and an air pollution index is created to
combine these six pollutants. Their findings indicate that immigration is not associated
with local air pollution levels across any of the seven pollution measures examined, but
negatively related to one of the pollutants. Instead, domestic migration and natural
population growth are linked to higher levels of three out of seven pollution measures.
Population growth from immigration does not have the same pollution effects that
accompany domestic migration and natural population growth. This result again provides
evidence that immigration has a lesser impact on the natural environment in the U.S., at
least in urban areas.
To help establish a causal link between population and air quality, we conducted a
spatial panel study of the EPA’s Air Quality Index (AQI) from 2007 to 2014. We found a
relationship between native-born population and worse air quality, and a relationship
between immigrant population and better air quality (Ma & Hofmann, n.d.). Like the
other studies discussed here, we were not able to cover the entire U.S. (particularly the
non-metropolitan U.S.) in our sample due to the availability of AQI data at county level,
and our choice of predictor variables was quite limited in order to maintain the panel
nature of the study. This limitation prompts us to take the advantage of the broad
coverage of the EQI data across the entire U.S. in this study, although it is cross-sectional
in nature.
In spite of their different measures of air pollution, units of analysis and study
scopes, the extant literature on the environmental impact of immigration has provided
consistent evidence against population pressure arguments that suggest immigration is the
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major cause of environmental problems in the U.S.
These prior studies provide significant contributions to the debate over the
environment-immigration relationship. However, they have three major limitations. First,
most of these studies do not take into consideration of spatial autocorrelation of air
quality. Second, most of them are hampered by the small samples and the focus on
metropolitan areas. This is an important limitation because immigrants are increasingly
settling in geographically dispersed areas, including rural areas (Kandel & Parrado,
2005). Finally, all the studies treat the immigrant population as a homogenous group. In
fact, immigrants to the U.S. are a highly diverse population, with distinct geographic
patterns of settlement (Kritz & Gurak, 2015).
This study attempts to address these limitations by a spatial analysis of the
association between native and immigrant populations, using a composite air quality
index for all the U.S. continental counties. In addition to the comparison between natives
and immigrants in general, we examine the association between immigration and air
quality in the U.S. by delving deep into the components of immigrant population,
including immigrants by origin and immigrants by year of entry. Our research questions
are: (1) How are immigrants different from natives in their relationship with air quality?
(2) Does the relationship between air quality and immigrants vary by origin of
immigrants? (3) Do immigrants exhibit similar relationship with air quality to that of
natives through acculturation over time?
Data
Our analysis covers the 3,109 counties and county-equivalents in the contiguous
U.S. We exclude all counties in Alaska and Hawaii due to the consideration of spatial
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proximity in spatial modeling.
Dependent variable
The dependent variable is the air quality index extracted from the EQI, provided
by the EPA for all counties in the United States as an estimate of overall environmental
quality relevant to human health (U.S. EPA, 2014a). The EQI summarizes information on
the wider environment to which humans are exposed, including the air, water, land, built,
and sociodemographic environments, and has an index for each of the five domains.
Because environmental data were not collected often enough to fully cover all areas at all
time intervals, the EQI utilizes a single point estimate to cover the entire 6-year period
from 2000 to 2005 for all the U.S. counties.
We use EQI’s air domain in order to be comparable with previous research on the
immigration-environment relationship, which all focuses on air pollution. The air domain
of the EQI measures air quality by combining measures and estimates of 6 criteria air
pollutants — CO, SO2, NO2, ozone, PM10, and PM2.5 — and 81 hazardous air pollutants
from two sources: the EPA’s Air Quality System (AQS) and the National-Scale Air
Toxics Assessment (NATA) (U.S. EPA, 2014b). The AQS collects ambient air pollution
data from thousands of monitors across the U.S; the NATA constructs air dispersion
models for estimating ambient concentrations of hazardous air pollutants at the county
and census-tract levels. The values of the air domain index range from −3.24 to 2.79,
with the higher values suggesting worse air quality.
The air quality domain of EQI has a number of limitations. First, the air domain
of the EQI is a single estimate representing the average of a 6-year period, which limits
this study to a cross-sectional analysis. Second, in the AQS data, not all counties monitor
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air quality, so some data are interpolated, and even in counties that monitor air quality,
the specific pollutants measured vary somewhat. Third, the NATA data are based on
model estimates that may under-estimate the concentrations of pollutants and are only
available at three-year intervals. Nevertheless, the EQI is created by EPA through
extensive work from data source selection to data quality and coverage assessment, as
well as variable and index construction over years. In addition, the air quality index
produced through data reduction approaches can improve statistical efficiency. The
biggest advantage of the EQI is the broad coverage of air quality across the U.S. As far as
we know, this is the only air quality data that cover all U.S. counties. The EQI, including
its air domain, has been used widely by environmental scholars as a measure of
environmental conditions (An, Li, & Jiang, 2017; Grabich, Horney, Konrad, & Lobdell,
2015; Jian, Messer et al., 2017; Jian, Wu, & Gohlke, 2017; Lavery et al., 2017).
Independent variables
There are many factors that may affect air quality, among which population is a
major concern, as well as geophysical, traffic, industrial, and meteorological factors. This
study uses subcategories of population and immigrant population, income, employment
by industry, commute time, and location characteristics to predict air quality. Except
rural-urban continuum codes (RUCC), all the data are from the U.S. Census 2000.
Immigrant population refers to foreign-born population recorded in the U.S. Census
2000.
We divide population into native-born and foreign-born population to compare
these two populations regarding their relationship with air quality. Conceptually,
immigrant and foreign-born population are not exactly the same term. Practically, these
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two terms are often used interchangeably. Following prior studies (Cramer, 1998, Price
and Feldmeyer, 2012, Squalli, 2009, Squalli, 2010), we refer to immigrant population as
foreign-born population, i.e., first-generation immigrants. In addition, we break
immigrants down into major national- or regional-origin groups. More than half of the
total immigrants to the U.S. came from Latin America, the majority from Mexico. We
identify 13 immigrant populations from regions or countries that account for more than
3% of the total U.S. foreign-born population in 2000, including immigrants born in
Mexico, Central America other than Mexico, the Caribbean, South America, Northern
Europe, Western Europe, Southern Europe, Eastern Europe, China, Eastern Asia other
than China (Korea and Japan), the Philippines, Vietnam, and India. Finally, to capture the
influence of acculturation of immigrants, we use a third specification of immigrant
population. The U.S. Census 2000 groups immigrants into 8 subcategories by year of
entry from before 1965 to March 2000. We employ these categories to represent
immigrants’ duration of stay.
Economic development has been found to be highly predictive of air quality.
Drawing upon previous studies, we include income and employment to represent the
economic development. Income per capita was used as the indicator of affluence at state
or county level (Cramer, 1998, Cramer, 2002, Squalli, 2009, Squalli, 2010). We conduct
sensitivity tests for different measures of income provided by the Census 2000. The
results show average family income is better than income per capita, average household
income or median incomes. We include percentages of employment in four major
pollution-prone industries: agriculture; mining; manufacturing; and transportation,
warehousing, and utilities. Following Price and Feldmeyer’s (2012) study, we also

37

include the percentage of commuters in the county who commute for 60 min or longer.
To control for county characteristics, we employ rural-urban continuum codes
which are used in the study on population effect on land development (Clement &York,
2017) and longitude and latitude, which are statistically significant in the study on the
factors of NOx emissions in Spain (Laureti et al., 2014). The U.S. Department of
Agriculture (USDA) 2003 rural-urban continuum codes classify counties into 9
categories by the population size and degree of urbanization and adjacency to a metro
area, with 1–3 indicating metro counties and 4–9 denoting nonmetro counties.
We test for sensitivity and include variables that are the better fits for this study.
All the dependent and independent variables have no missing values for all the 3,109
contiguous counties. Annual temperature is also incorporated as a predictor of air quality
in some studies (Elliott and Clement, 2015, Price and Feldmeyer, 2012). However, we
elect not to use annual temperature because in the 2000 data, temperature is missing for
Miami/Dade county (Florida), which has a foreign-born population of over 50%. The
regression results without this county only change a little in the levels of significance on
county characteristics variables, but do not affect the estimation of population variables
which are our primary interest. Therefore, we would rather keep this county with high
foreign-born population and maintain a full sample of all the continental counties than
consider the effect of temperature.
Table 1 displays summary statistics for the entire data set. The U.S. continental
counties on average had 80,002 native-born population and 9,926 foreign-born
population. Mexico was the largest source country, accounting for nearly 30% of total
immigrants. Except Latin America, Europe and Asia were the other major source regions
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of immigrants. While each of the four parts of Europe contributed at least 3%
immigrants, in Asia, a few countries took the lead in immigration. The percentages of
employment varied substantially by industry and county.
Table 1 Descriptions of variables
Variable

Mean

Std. Dev.

Min

Max

.0184942

.9818839

-3.241777

2.78984

Native-born population

80002

222803.6

67

6069894

Foreign-born population

9926

81977

0

3449444

2950

32892.68

0

1525157

Foreign-born from the Caribbean

949

15272.93

0

688760

Foreign-born from Central America other
than Mexico

651

9694.326

0

487130

Foreign-born from Southern America

620

6803.751

0

245553

Foreign-born from Eastern Europe

612

5820.253

0

207777

Foreign-born from the Philippines

405

4598.539

0

202568

Foreign-born from China

482

5271.598

0

196157

Foreign-born from East Asia other than China

379

3993.604

0

188108

Foreign-born from Vietnam

315

3394.382

0

111017

Foreign-born from Southern Europe

300

2086.142

0

50410

Foreign-born from India

329

2229.762

0

48503

Foreign-born from Northern Europe

312

1507.526

0

44349

Foreign-born from Western Europe

350

1518.244

0

43918

Year of entry for foreign-born: 1995-2000

2424

16709.22

0

598886

Year of entry for foreign-born: 1990-1994

1787

14914.36

0

602148

Air domain index

Foreign-born by origin:
Foreign-born from Mexico

Foreign-born by year of entry:
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Year of entry for foreign-born: 1985-1989

1498

14561.75

0

661448

Year of entry for foreign-born: 1980-1984

1204

11868.71

0

533114

Year of entry for foreign-born: 1975-1979

855

8857.915

0

420693

Year of entry for foreign-born: 1970-1974

636

6022.188

0

268033

Year of entry for foreign-born: 1965-1969

472

4016.309

0

142719

Year of entry for foreign-born: before 1965

1050

6502.281

0

222403

51353.24

11841.46

20611.96

129475.6

6.07793

7.019468

0

55.60345

1.153751

2.704615

0

45.63584

15.9153

9.084577

0

48.55398

% Employment in transportation
warehousing, and utilities

5.452415

1.83958

.671141

26.04898

% Commutes > 60 minutes

7.672545

4.473702

1.106807

33.89079

Rural-urban continuum codes

5.110968

2.680229

1

9

Latitude

38.27961

4.838231

25.0461

48.82976

-91.65095

11.48403

-124.2154

-67.60872

Average family income
% Employment in agriculture
% Employment in mining
% Employment in manufacturing

Longitude

Fig. 1 shows both the air index and foreign-born population across all the U.S.
contiguous counties in 2000. The shaded counties had negative values of air index
(indicating better air quality), while the light counties had worse air quality. Counties in
the Midwest, West, and Southwest are more likely to have better air quality than those in
the Northeast and Southeast. Counties with more than 10% of foreign-born population
(marked by bigger dots) are scattered primarily in the West Coast, East Coast, and West
South Central region. The relationship between air quality and foreign-born population is
not straightforward from this map. Immigrants are concentrated in counties with both
good and poor air quality across the U.S. in 2000.
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Fig. 1 Air quality and foreign-born population by the U.S. continental counties, 2000
Methods
Spatial autocorrelation of air quality
According to Tobler’s (1970) First Law of Geography, “near things are more
related than distant things.” Spatial units would therefore influence each other, depending
on their locations. Spatial autocorrelation of air quality is documented in previous studies
(Chen, Shao, Tian, Xie, & Yin, 2017; Havard, Deguen, Zmirou-Navier, Schillinger, &
Bard, 2009; McCarty & Kaza, 2015). To measure the degree of this association, we
compute Moran’s I statistics using GeoDa (Anselin, Syabri, & Kho, 2006). Global
Moran’s I is a test of overall clustering, summarizing the degree to which similar or
dissimilar observations tend to occur near each other (Anselin, 1988).
Spatial weights matrix specifies the spatial structure of the data. Air quality in a
county may affect air quality in its neighboring counties more than that in counties farther
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away. Air quality tends to correlate within a certain distance instead of within the
boundary of specific administrative units. Therefore, we use a distance-based weights
matrix with a threshold distance of approximately 146 km, which is the minimum
threshold necessary to ensure that each county has at least one neighbor. Counties within
the centroid distance of 146 km are considered as having influence on each other;
counties beyond that distance have no influence. Based on this weights matrix, Moran’s I
statistics are calculated. The global Moran’s I for air index is 0.606 (P = 0.001) which
indicates a moderately high clustering of like values on air index across all the counties.

Fig. 2 Local indicators of spatial autocorrelation map of air index
To understand where and how the counties cluster, we turn to local indicators of
spatial autocorrelation (LISA) statistics. Fig. 2 is a LISA map demonstrating local spatial
autocorrelation. The darker shaded counties were clusters with positive local spatial
autocorrelation, which means they clustered with their neighbors on either high or low air
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index. The clustering counties in the middle of the U.S. had better air quality (lower air
index), whereas those clustering in the east or the west had worse air quality (higher air
index).
Both global and local Moran’s I test statistics indicate the presence of spatial
autocorrelation of air index.
Spatial models
Using linear regression to predict EQI values is inappropriate because it produces
spatial autocorrelation in model residuals (I=.354, p<.000), requiring the use of a spatial
model. There are two basic spatial models to address spatial autocorrelation.
Spatial lag model (SLM) accounts for the spatial autocorrelation of the dependent
variable by adding a spatial lag term of the dependent variable into the OLS model. The
SLM is expressed as:
Y = ρWY + 𝛽𝛽 X + 𝜀𝜀

(1)

where Y is the vector of the dependent variable; X represents a matrix of the explanatory
variables; β is the regression coefficient associated with the explanatory variables; and ε
is a normally distributed disturbance term. By adding ρWY, which averages the
neighboring values of a location to an OLS model, SLM specifies that the dependent
variable in a given county is not only affected by the explanatory variables in the
reference county, but also affected by the values of the dependent variables in nearby
counties. W is the spatial weights matrix capturing the interaction between the counties;
WY reflects the spatial lag of the dependent variable; ρ denotes the spatial
autocorrelation coefficient that represents the effect of WY.
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Spatial error model (SEM) includes a spatial autoregressive error term in an OLS
model, assuming the spatial spillover only occurs in the error term. The spatial error
model is:
Y = α + 𝛽𝛽 X+ 𝜀𝜀 + λWξ

(2)

where ξ is a normally distributed error term; Wξ is a spatially lagged error term; and λ
denotes a spatial autocorrelation parameter that represents the effect of Wξ. Air quality in
a given county is affected by both the explanatory variables in the reference county and
the omitted random factors in neighboring counties.
We estimate OLS models first and implement diagnostics tests for spatial
dependence. Both the ordinary and robust Lagrange Multiplier (LM) tests for lag and
error are statistically significant at 0.0000. Anselin (2005) recommends that the model
with the largest value for the LM robust test statistic is a better fit in this situation. Since
the value for robust LM error is larger than that for robust LM lag, we thereby present the
results of spatial error models only.
Anselin (2005) suggests caution about possible misspecification when both robust
LM lag and error statistics are significant. We test different spatial weights and change
the basic specification of the models, as well as estimating spatial lag models. All the
results show no meaningful difference. As a robustness check, we also estimate a
generalized spatial autoregressive model that allows for both spatial spillovers in the
dependent variable and the disturbances to be generated by a spatial autoregressive
process. The spatial autoregressive model with autoregressive disturbances (SARAR)
combines both endogenous interaction effects and interaction effects among the error
terms. SARAR is expressed as:
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Y = ρWY + Xβ + u

(3)

u = λMu + 𝜀𝜀

(4)

where W and M are n × n spatial-weighting matrices; WY and Mu are n × 1 vector of
spatial lags; and λ and ρ are the corresponding parameters.
We estimate all the spatial models in GeoDaSpace 1.0 (Anselin & Rey, 2014).
The SARAR models are estimated by spatial two-stage least-squares (S2SLS) method.
The S2SLS estimator may allow better approximation of the true spatial dependence by
fitting multiple spatial lags. We test distance and contiguity weights matrices and find
little difference in the results, as other studies have found (Havard et al., 2009, LeSage
and Pace, 2014, Saito and Wu, 2016). Therefore, we present the results based on the
distance weights matrix with a threshold of 146 km, as used for Moran’s I tests.
Results
Table 2-4 display the results of the SEM and SARAR models examining the
relationship between air quality and the three specifications of immigrant population. The
coefficients of the control variables change little across the three tables.
Foreign-born population in general
Table 2 shows the results for the first specification of population, i.e., native-born
and foreign-born populations. The spatial coefficients ρ and λ are highly significant in the
models, which indicates that the models capture the spatial autocorrelation of the data.
Accounting for both spatial autoregression in the dependent variable and in the error
term, the SARAR model is better than the SEM in terms of pseudo R-squared. All the
coefficients are relatively small, corresponding to the narrow range (−3.24 to 2.79) of the
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values of air index.
Table 2 Spatial regression results for immigrant population in general
Air index

Native-born population (in millions)

SEM

SARAR

0.739***
(0.054)
-0.731***
(0.136)
0.305***
(0.085)
-0.051***
(0.002)
-0.019***
(0.003)
0.005***
(0.001)
-0.008**
(0.004)
-0.033***
(0.002)
-0.105***
(0.004)
-0.007
(0.009)
0.020***
(0.004)
2.935***
(0.495)
0.876***
(0.014)

Pseudo R-squared

0.7702

0.779***
(0.056)
-0.781***
(0.141)
0.188**
(0.086)
-0.050***
(0.002)
-0.017***
(0.003)
0.004***
(0.001)
-0.005
(0.004)
-0.036***
(0.002)
-0.104***
(0.004)
-0.001
(0.004)
0.006***
(0.002)
1.530***
(0.250)
0.697***
(0.027)
0.380***
(0.032)
0.8430

N

3,109

3,109

Foreign-born population (in millions)
Average family income (in hundred thousand dollars)
% Employment in agriculture
% Employment in mining
% Employment in manufacturing
% Employment in transportation warehousing, and
utilities
% Commutes > 60 minutes
Rural-urban continuum codes
Latitude
Longitude
Constant
Lambda
Rho

* P<0.1, ** P<0.05, *** P<0.01

The results of both models are very similar. The coefficients of native and
immigrant populations are nearly identical in magnitude but opposite in signs at a high

46

level of significance. A larger native-born population is associated with a higher value of
air index and thus with worse air quality. On the contrary, a larger foreign-born
population is associated with a lower value of air index and thus with better air quality.
Counties with advanced economies are more likely to experience worse air
quality. A higher average family income is associated with worse air quality.
Employment plays an important role with regard to air quality as well. Employment in
agriculture and mining are associated with better air quality. Employment in
manufacturing is associated with worse air quality. These differences may reflect the fact
that agriculture and mining tend to be located in rural areas with less pollution while
manufacturing may be a source of air pollution. This explanation is supported by the
negative relationship of rural-urban continuum codes with air index. More rural counties
are associated with better air quality. Employment in transportation, warehousing, and
utilities is not statistically significant in SARAR model, though significant in SEM.
Surprisingly, commute time is negatively related to the air index. Longer commute times
correspond to better air quality, which may imply that people who live in more rural areas
tend to commute longer distances to urban areas for work. Longitude is significantly
related to the air index, while latitude is not. Counties in the east tend to have worse air
quality than those in the west, which is clear in Fig. 1, Fig. 2.
The results that immigrant population is significantly associated with better air
quality and natives are associated with worse air quality are consistent with prior studies.
Although population inevitably impose pressure on the environment, immigrant
population in general is less harmful to local air quality than native-born population.
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Foreign-born population by origin
When we break down immigrant population by major sources, we find the
relationship between air quality and immigrant population varies by origin of immigrants
(Table 3). We primarily focus on the results of SARAR model which is better than SEM,
as measured by pseudo-R squared. Mexican immigrants, though accounting for the
largest share of immigrants to the U.S., are not associated with air quality. Immigrants
from the Caribbean, China, and East Asia other than China (Korea and Japan) are
significantly associated with worse air quality, whereas those from Central America other
than Mexico, the Philippines, Eastern, Northern, and Western Europe are associated with
better air quality. The positive association of some immigrant groups with air quality is
much stronger than the negative association of other groups, which results in the overall
positive association of immigrants with air quality identified in Table 2. These results
demonstrate substantial variations among immigrants by origin in the association with
local air quality, which has not yet been examined in previous studies. Due to the crosssectional nature of this study, the association between immigrant groups and air quality
Table 3 Spatial regression results for immigrant population by origin
Air index

Native-born population (in millions)
Foreign-born population by origin (in millions):
Foreign-born from Mexico
Foreign-born from the Caribbean
Foreign-born from Central America other than Mexico

SEM

SARAR

1.339***
(0.090)

1.344***
(0.092)

-0.876
(0.691)
2.643**
(1.082)
-8.128***
(2.420)

-0.205
(0.716)
3.039***
(1.117)
-9.738***
(2.487)
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Foreign-born from Southern America

Pseudo R-squared

0.7758

-0.076
(2.679)
-10.386***
(2.090)
-13.069***
(3.671)
18.334***
(3.108)
16.633**
(6.607)
-6.066
(3.727)
9.907
(6.318)
-7.967
(5.819)
-66.003***
(21.720)
-38.021*
(21.252)
0.334***
(0.089)
-0.049***
(0.002)
-0.016***
(0.003)
0.005***
(0.001)
-0.006
(0.004)
-0.034***
(0.002)
-0.098***
(0.004)
-0.002
(0.004)
0.005**
(0.002)
1.363***
(0.255)
0.711***
(0.026)
0.375***
(0.032)
0.8473

N

3,109

3,109

Foreign-born from Eastern Europe
Foreign-born from the Philippines
Foreign-born from China
Foreign-born from East Asia other than China
Foreign-born from Vietnam
Foreign-born from Southern Europe
Foreign-born from India
Foreign-born from Northern Europe
Foreign-born from Western Europe
Average family income (in hundred thousand dollars)
% Employment in agriculture
% Employment in mining
% Employment in manufacturing
% Employment in transportation warehousing, and utilities
% Commutes > 60 minutes
Rural-urban continuum codes
Latitude
Longitude
Constant
Lambda
Rho

* P<0.1, ** P<0.05, *** P<0.01

-0.001
(2.612)
-9.268***
(2.029)
-11.610***
(3.522)
18.205***
(3.043)
16.054**
(6.469)
-3.656
(3.635)
11.991*
(6.205)
-9.940*
(5.695)
-75.734***
(21.204)
-34.968*
(20.793)
0.461***
(0.088)
-0.050***
(0.002)
-0.018***
(0.003)
0.007***
(0.001)
-0.009**
(0.004)
-0.032***
(0.002)
-0.098***
(0.004)
-0.008
(0.010)
0.019***
(0.004)
2.742***
(0.507)
0.882***
(0.014)
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may go two directions, i.e., air quality may affect the settlement of immigrants, or
immigrants may affect air quality. Further research is expected to explore why and how
origins of immigrants affect their association with air quality in the U.S.
Foreign-born population by year of entry
Immigrants may acculturate to American excessive consumption pattern, which
increases pressure on the environment. Table 4 presents the results of spatial models that
replace the overall immigrant population with immigrant groups by year of entry. Again,
we rely on the SARAR model due to the higher pseudo R-square value. Immigrants who
came to the U.S. from 1995 to 2000, those who came from 1975 to 1979, and those who
came before 1965, are significantly associated with better air quality. Immigrants arriving
between 1990 and 1994, between 1970 and 1974, and between 1965 and 1969 are
associated with worse air quality. The association of immigrants and air quality over time
shows no evidence of a consistent linear trend towards assimilation to American
consumption behavior. Instead, our results indicate a cohort effect. Immigrants entering in
different periods both arrived from and entered into specific social and political
circumstances, which can affect their settlement patterns and pathways of assimilation.
These differences could create differing associations with air quality. Year of entry is likely
Table 4 Spatial regression results for immigrant population by year of entry
Air index

Native-born population (in millions)
Foreign-born by year of entry (in millions):

SEM

SARAR

1.412***
(0.096)

1.402***
(0.098)
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Year of entry for foreign-born: 1995-2000

Pseudo R-squared

0.7781

-12.843***
(3.391)
14.458***
(5.536)
17.645**
(8.252)
3.320
(11.684)
-63.285***
(12.713)
41.841**
(18.261)
34.172*
(20.112)
-50.482***
(7.697)
0.302***
(0.086)
-0.049***
(0.002)
-0.016***
(0.003)
0.006***
(0.001)
-0.006
(0.004)
-0.035***
(0.002)
-0.098***
(0.004)
-0.003
(0.004)
0.005**
(0.002)
1.347***
(0.242)
0.693***
(0.026)
0.379***
(0.031)
0.8487

N

3,109

3,109

Year of entry for foreign-born: 1990-1994
Year of entry for foreign-born: 1985-1989
Year of entry for foreign-born: 1980-1984
Year of entry for foreign-born: 1975-1979
Year of entry for foreign-born: 1970-1974
Year of entry for foreign-born: 1965-1969
Year of entry for foreign-born: before 1965
Average family income (in hundred thousand dollars)
% Employment in agriculture
% Employment in mining
% Employment in manufacturing
% Employment in transportation warehousing, and utilities
% Commutes > 60 minutes
Rural-urban continuum codes
Latitude
Longitude
Constant
Lambda
Rho

-16.601***
(3.239)
19.475***
(5.296)
12.001
(7.974)
7.608
(11.366)
-61.340***
(12.532)
39.670**
(18.117)
35.777*
(19.639)
-50.069***
(7.583)
0.441***
(0.085)
-0.050***
(0.002)
-0.018***
(0.003)
0.007***
(0.001)
-0.009**
(0.004)
-0.033***
(0.002)
-0.098***
(0.004)
-0.009
(0.009)
0.018***
(0.004)
2.726***
(0.481)
0.875***
(0.014)

* P<0.1, ** P<0.05, *** P<0.01

to be related to national origin groups as well, since different groups were most likely to
immigrate in specific periods.
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Conclusion
The claim that immigration particularly harms the environment neither addresses
the root cause of the environmental problems nor the immigration issues in the U.S.
Empirical research is sorely needed for the debate over the immigration-environment
relationship. However, the existing studies are limited in number, methodology, and
generalization across the entire U.S. This study examines the relationship between native
population, immigrant population, and air quality in the U.S. by using spatial methods to
analyze the data for all the U.S. continental counties in 2000.
We find that larger native population is significantly associated with worse air
quality, in line with previous studies (Cramer, 1998, Squalli, 2009; Ma and Hofmann,
n.d.). Our findings also support the results of existing research that immigrant population
is associated with better air quality (Cramer, 1998, Price and Feldmeyer, 2012, Squalli,
2009; Ma and Hofmann, n.d.). In contrast to other studies, where findings of a positive
association between immigration and air quality only hold for some pollutants or some
regions in the U.S., our findings show clear evidence of an association between
immigration and overall air quality across the contiguous U.S. counties, and this
association is robust to controls for spatial autocorrelation. We thus provide strong
support for the hypotheses that immigrants, overall, do not assimilate into U.S. consumer
behaviors and that immigrants do not create social disorganization that prevents
communities from addressing environmental concerns.
There are numerous possible explanations for the relationships that we found. The
disparity in environmental impact by nativity may be attributable to lower consumption
patterns of immigrants than their native counterparts due to lower income or traditional
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habits, as documented in the literature (Atiles and Bohon, 2003, Blumenberg and Shiki,
2008, Bohon et al., 2008, Chatman and Klein, 2009, Hunter, 2000, Pfeffer and Stycos,
2002, Takahashi et al., 2017). Immigrants may serve to revitalize communities and make
them more willing or able to address environmental issues, as Price and Feldmeyer
(2012) argue. Immigration may also be an effect of air quality; that is, immigrants may be
drawn to settle in areas precisely because they have better air quality. Finally, the
association may be spurious. For example, a liberal political environment at the state
level is conducive to legislation that is particularly welcoming to immigrants, and the
same political environment may be equally conducive to measures to improve air quality
(Hero & Preuhs, 2007).
We also find the variations among immigrant populations by origin in the
relationship with air quality. Being the largest immigrant group, Mexicans were not
associated with air quality. Most European immigrant groups, as well as immigrants from
Central America and the Philippines, were related to better air quality, while East Asian
immigrants were related to worse air quality. Like our overall association between
immigration and air quality, these varied associations could have a variety of
explanations. If immigrants’ overall lesser impact on air quality is caused by their
consumption and environmental behaviors, then it makes sense that these behaviors
might vary according to immigrants’ socioeconomic status or cultural norms. Variation
across immigrant groups may also reflect settlement patterns that vary by country of
origin. In 2000, Mexican immigrants were increasingly settling in smaller cities and rural
areas, while Asian immigrants remained concentrated in a handful of large, and mostly
coastal, cities (Massey & Capoferro, 2008). Their urban concentration could explain
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Asians’ association with worse air quality. Socioeconomic and cultural differences could
also influence the ability and desire of immigrant groups to settle in areas with better air
quality. This variation by origin is a complex relationship and deserves further
exploration.
Another interesting breakdown of immigrant population by year of entry shows
variation in the relationship with air quality among immigrants staying in the U.S. for
various lengths. Existing findings on assimilation and environmental impact are mixed,
as some studies argue that immigrants assimilate into American super-consuming habits
(DinAlt, 1997, Ehrlich and Ehrlich, 1991, Hunter, 2000) and others find it is not true
(Carter et al., 2013). Our results provide no support for the assimilation hypothesis,
instead pointing to cohort effects. Immigration cohorts may represent groups who have
specific cultural, political, or socioeconomic similarities that shape their consumption
patterns and settlement choices. This is all the more likely because immigration cohort is
also tied to country of origin.
Our findings have important policy implications. First of all, it demonstrates that
in the short run, restrictions on immigration will not produce significant environmental
benefit, at least in terms of air quality. This finding is not likely to deter immigration
opponents, or end the debate on the environmental consequences of immigration. In the
long run, more immigration today does mean a larger native-born population in the
future, with potentially negative environmental consequences. Although our findings tell
against the theory that first-generation immigrants assimilate into American consumption
patterns, the question of what happens with their children is less certain. Some evidence
from Canada indicates that consumption patterns of children of immigrants are
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indistinguishable from those of the rest of the native population (Abizadeh & Ghalam,
1992). Other evidence indicates that living in a multicultural society can lead to patterns
of increased consumption (Demangeot & Sankaran, 2012).
The second and more important implication is that the characteristics of a
population, including its nativity characteristics, are more important than its size in the
association between population and environmental quality. Studies show that population
pressure perspective may overestimate the impact of population growth which have much
less effect than technology (Commoner, 1972a, Commoner, 1972b, Commoner, 1991)
and overlooks politics in estimating environmental impact (Rudel, Roberts, & Carmin,
2011). The “treadmill of production” in a capitalist system, which requires everincreasing levels of consumption to drive economic growth, is a major cause of
environmental harm (Kovel, 2002, Park and Pellow, 2011, Schnaiberg, 1980, Speth,
2008). Much research highlights these high levels of consumption among Americans
(Blumenberg and Shiki, 2008, Carter et al., 2013, Ewing, 2004, Hunter, 2000, Pfeffer and
Stycos, 2002). As demonstrated in this study, native-born population is in sharp contrast
with foreign-born population in terms of environmental impact, which may be a result of
the differences in consumption patterns among the two groups. To protect the
environment, a variety of policies can be considered, including policies that limit
population growth. However, our research highlights that modifying Americans’
consumption patterns provides a promising approach to both short- and long-term
environmental protection.
There are two main limitations of this study. The first is that we use crosssectional data which fail to capture causal relationship between immigration and air
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quality. We can only identify the statistically significant association between immigrants
and air quality. Another is that the air domain index of EQI is somewhat opaque. EQI
was measured only once, so the validity of the air index and its compatibility across
counties has not been clearly established. Despite these limitations, our study serves as an
important counterpart to existing studies by providing strong supporting evidence for the
contention that immigrant population is generally less harmful than native-born
population, though population growth in any form increases pressure on the environment.
We would suggest that it is worth extending the analysis of the dynamic association of
immigration and air quality to grasp the influence of original countries on immigrants in
their lives in the U.S. This study also indicates that duration of stay is an important factor
in considering the immigration-environment relationship in future research.
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CHAPTER III
POPULATION, IMMIGRATION, AND AIR QUALITY IN THE USA: A SPATIAL
PANEL STUDY *

Population growth has been pinpointed as the cause of environmental problems
since Malthus (1798) drew the connection, and the issue has been debated ever since. In
the USA, research on population and air quality (one of the most common measures of
environmental harm) generally finds that both population growth and population size are
associated with some sources of emissions, but not with other examined emissions
(Preston 1996; Cramer 1998; Cramer and Cheney 2000; Cramer 2002; Cole and
Neumayer 2004; Lankao et al. 2009; Squalli 2009, 2010; Price and Feldmeyer 2012;
Laureti et al. 2014). The question of how immigration specifically contributes to
environmental degradation is a source of particular debate. As the recipient of more
immigrants than any other country, the USA has long been divided on immigration
issues. Opposition to immigration comes in many forms, but opposition on environmental
grounds is particularly interesting because of its ability to unite opposing forces in the
American political spectrum (Park and Pellow 2011; Hultgren 2014). Both antiimmigrant and environmental activists in the USA have made the case that immigration
harms the environment (Garling 1998; Chapman 2006; Cafaro 2015). Based on the
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Malthusian population pressure perspective, they argue that immigrants are necessarily
responsible for a substantial share of local environmental problems, because they are the
major source of population growth in the USA.
However, this argument has been criticized for scapegoating immigrants and
failing to grapple with the root causes of either immigration or environmental destruction
(Muradian 2006; Neumayer 2006; Angus and Butler 2011; Hultgren 2014) and for
drawing inference about the causal effect of immigration on environment without direct
measurement (Kraly 1995, 1998). In fact, research on environmental attitudes and
behaviors among US immigrants indicates that, compared to natives, immigrants
consume less and produce less waste (Hunter 2000; Atiles and Bohon 2003; Bohon et al.
2008; Blumenberg and Shiki 2008; Chatman and Klein 2009). Moreover, a handful of
empirical studies show that the size of the immigrant population does not have the
negative association with air quality that the native population does and is even
associated with lower levels of some pollutants (Cramer 1998; Squalli 2009, 2010; Price
and Feldmeyer 2012; Ma and Hofmann 2019).
We extend the existing literature by analyzing the relationship between air quality
and population across 1070 US counties from 2007 to 2014, accounting for spatial
autocorrelation of the data. To our knowledge, the present study is the first spatial
analysis of panel data on the relationship between air quality and immigrant population.
Spatial analysis can reduce estimation bias caused by spatial effects. Although spatial
analysis has not yet been commonly used in studies of population or air quality,
researchers have applied spatial methods to inequality and carbon emissions (Elliott and
Clement 2015), the demographic dimension of carbon emissions (Roberts 2014), the
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effect of urban form on air quality (McCarty and Kaza 2015), and the consequences of
population change on land development (Clement and York 2017).
Theoretical framework
We build our research on theories of and empirical studies on environmental
consequences of population pressure and immigration. We focus especially on studies
that measure environmental degradation by using measures of air quality, which are
widely used in the USA and elsewhere because of the availability of data.
Environmental consequences of population pressure
Population pressure affects the environment through consumption and production,
but theorists debate both the magnitude and the root causes of environmental
consequences.
The Malthusian and human ecology perspectives stress the pressure of population
growth on the environment. These theories are based on the concepts of finite resources,
or carrying capacity, and argue that population growth has important negative effects on
environmental quality (Malthus 1798; Duncan 1961, 1964; Ehrlich and Holdren 1971;
Harrison 1993; Dietz and Rosa 1994). Empirical studies have provided evidence that
population pressure influences air quality, but they are not in agreement on the details of
the relationship. Cross-national studies find population size is significantly associated
with some pollutant emissions, such as SO2, CO, and NOX (Preston 1996; Cole and
Neumayer 2004; Lankao et al. 2009). At the local level, more pollutants are examined.
Larger populations are generally related to higher levels of some pollutant emissions but
unrelated to others (Cramer 1998; Cramer and Cheney 2000; Cramer 2002; Squalli 2009,
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2010; Price and Feldmeyer 2012), although Price and Feldmeyer (2012) also find that
population growth was associated with lower levels of SO2 in 183 US Metropolitan
Statistical Areas (MSAs). Laureti et al. (2014) show that a 1% increase in population
yields a 0.24% increase in NOx, a significant but relatively weak relationship.
Although these studies provide evidence that population pressure is related to
environmental problems, they also indicate that other factors, such as economic
development, consumption, technology, and urbanization, also play important roles.
Preston (1996) asserts that population growth constitutes only a minor influence on
environmental hazards, while affluence and technology are much more responsible for
environmental damage. Commoner (1972a, 1972b) argues that technology, instead of
population pressure, is primarily responsible for environmental degradation.
Indeed, the claim that population pressure is the cause of environmental
degradation is widely critiqued. The political economy perspective views the global
political and economic system as the root cause of environmental degradation
(Schnaiberg 1980; Roberts and Parks 2007; Foster et al. 2011; Ciplet et al. 2015).
Developed countries are “the principal culprits” for consuming disproportionately more
natural resources (Ehrlich and Holdren 1971: 1214). In a hierarchical world system,
environmental burdens are transferred from the core nations to subordinate semiperipheral or peripheral nations through trade (Weber and Matthews 2007; Pan et al.
2008; Stretesky and Lynch 2009; Sato 2014; Hoekstra et al. 2016). This ecologically
unequal exchange eases population pressure in developed countries and causes
environmental degradation in developing countries (Bunker 1984; Rothman 1998; Rice
2007; Jorgenson and Clark 2009; Prell and Feng 2016).
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Environmental consequences of immigration
The relationship between immigration and the environment is of special concern
in both academic and public debates because environmental concerns can justify
restrictions on immigration. Normandin and Valles (2015) contend that environmentalism
and population control activism are the major forces of the US anti-immigration
movement. Immigrants have been blamed for causing environmental harm to the USA
due to the population pressure they put on local areas (Beck 1996; Garling 1998;
Chapman 2006; Cafaro 2015). Immigration not only adds more people to the USA
directly but also accelerates population growth due to higher birth rates of immigrants
(Pew Research Center 2015). The added population from immigration consumes goods
and produces waste, and immigrants consume and waste more after adopting American
super-consuming habits (Ehrlich and Ehrlich 1991; Hunter 2000). However, the fierce
arguments that immigration causes environmental degradation in the USA have never
been substantiated by empirical evidence.
Contrary to the expectation that immigrants adopt the excessive materialism of
American life quickly after immigration, immigrants are critical of American consumerist
values and concerned about environmental consequences of these norms (Carter et al.
2013). In comparison with US-born people, immigrants are more likely to have lifestyles
less harmful to the environment because they are less likely to afford luxury items, big
houses, and technologies that create more environmental stress (Atiles and Bohon 2003;
Price and Feldmeyer 2012) and more likely to carpool or ride public transportation
(Bohon et al. 2008; Blumenberg and Shiki 2008; Chatman and Klein 2009). In addition,
immigrants are more likely to engage in energy-saving behaviors as compared to the US-
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born population (Hunter 2000; Pfeffer and Stycos 2002; Takahashi et al. 2018). Although
immigrants contribute to population growth, they also have less harmful environmental
values and behaviors than their US-born counterparts.
To date, only a few studies examine specifically the environmental consequences
of immigration, all focusing on air pollution in the USA (Cramer 1998; Squalli 2009,
2010; Price and Feldmeyer 2012; Ma and Hofmann 2019). Cramer (1998) tests the
impact of different specifications of population on air quality measured by ROG, NOx,
SOx, CO, and PM10 in California. Squalli (2009) analyzes the immigration–environment
association across approximately 200 US counties in 2000 by using four air pollutants as
indicators of air quality: CO, NO2, PM10, and SO2. Squalli (2010) examines the same four
pollutants across all US states. Price and Feldmeyer (2012) investigate the environmental
impact of immigration by adding PM2.5 and O3 to the above four air pollutants and
creating an index for 183 MSAs in the USA. These studies examine various population
specifications. Squalli (2009, 2010) examines two population specifications, one is USand foreign-born populations, and another is total population and percent of foreign-born.
Cramer (1998) tests five population specifications, one of which is the ratio of
immigrants in 1990 to the total population in 1980 and the ratio of non-immigrants in
1990 to the total population in 1980. Price and Feldmeyer (2012) use total population and
percent of immigrants.
Despite using different measures of air quality, units of analysis, and study
scopes, these studies generally reach similar conclusions that are contrary to the
population pressure position. Neither the overall size of the immigrant population nor the
growth of the immigrant population was associated with higher levels of local air
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pollution. In some studies, larger or growing immigrant populations were even associated
with lower levels of some emissions (Cramer 1998; Squalli 2010; Price and Feldmeyer
2012) and better values on the air quality index (Ma and Hofmann 2019). Although
Squalli (2009) indicates immigrant population size was positively associated with CO
emission, he also finds a negative association of immigrant population with SO2 and no
association with two other pollutants examined at the US county level. In contrast, a
larger US-born population was more likely to be related to higher levels of more
pollutants than was a larger immigrant population and never negatively associated with
any emissions examined (Cramer 1998; Squalli 2009). Overall, these empirical studies
provide evidence that immigrant population is not associated with most air pollutants but
is sometimes associated with better air quality, whereas US-born population is more
likely to be related to air pollution.
These theories and empirical studies lay the groundwork for the relationship
between air quality and immigration. However, most of the research relies on limited,
geographically dispersed samples, which do not, or cannot, take into consideration spatial
autocorrelation of air quality. Air quality in spatial proximity tends to be correlated
(Havard et al. 2009; McCarty and Kaza 2015; Chen et al. 2017). Without accounting for
spatial dependence, least-squares estimates will be biased and inconsistent (Anselin 1988;
Elhorst 2001; LeSage and Pace 2009). In addition, existing research relies primarily on
cross-sectional data. Analysis of cross-sectional data is limited in its ability to establish
temporal order and address omitted variable bias. From previous studies, it remains
unclear whether immigration influences air quality or air quality drives migration
patterns. Additionally, it remains possible that the observed association between
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immigrant population and air quality is explained by unmeasured characteristics of the
county, state, or MSA. In contrast, a panel study provides advantages over cross-sectional
studies in exploring causality among variables because it is able to establish temporal
order, reduce spuriousness, and correct measurement errors (Finkel 1995). Therefore, we
employ a spatial panel model to assess the association between air quality and two
different specifications of population.
Data
Dependent variable
As our measure of air pollution, we use the Air Quality Index (AQI) provided by
the U.S. Environmental Protection Agency (EPA). AQI is a composite index reflecting
overall air quality. It incorporates into a single index the concentration of six pollutants:
O3, PM10, PM2.5, CO, SO2, and NO2. The index is normalized across pollutants so that an
AQI value represents the level of potential health harm associated with the health-based
standard for each pollutant. The values of AQI range from 0 to 500, with smaller
numbers indicating better air quality. AQI values from 0 to 50 indicate good air
conditions; values from 51 to 100 indicate moderate air conditions; values from 101 to
150 are considered unhealthy for sensitive groups; 151–200 are unhealthy for all; 201–
300 are very unhealthy; and 301–500 are hazardous.
EPA provides only median AQI values for counties, which is the dependent
variable in this study. We limit our data to the 2007–2014 period due to the large number
of missing AQI, particularly before 2000, and the availability of independent variables.
The values of median AQI in the data range from 0 to 108, with 90% of observations
having median AQI values of no more than 50. To maintain as large a sample size as
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possible and simultaneously restrict the fraction of missingness, we include counties that
report AQI for at least 4 years in the study period, which yields a sample of 1070 counties
in the contiguous USA (see Fig. 1).

Fig. 1 The sample of counties with AQI data (shaded)
AQI is not fully comparable across counties, because not all counties measure all
six pollutants on all days. Ozone, for example, is measured in most counties only during
the warm months of the year.1 States and counties typically monitor air pollutants that
are perceived as problematic in a particular area at a particular season. In addition, the
location of monitoring stations may mean that AQI does not accurately describe the air
quality in the county as a whole. Nevertheless, AQI values are widely used to determine
things such as whether schoolchildren are allowed to play outdoors, and as such, daily
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AQI values have a meaningful effect on the quality of life of local residents. Following
the example of previous literature (Lee et al. 2009; Laumbach 2010; Lee et al. 2012;
McCarty and Kaza 2015; Qiu and Kaza 2017), we treat AQI as comparable across
counties despite these limitations.
Using AQI to operationalize air pollution is appealing because of its availability
in a standardized format for a large number of counties and years. To our knowledge,
AQI is the only available panel data of air quality at county level for a large subset of US
counties. Although prior studies use individual pollutants and/or create an index based on
the pollutants, thereby overcoming some of the limitations of the AQI, doing so forces
the use of a much smaller sample. These smaller samples are less representative of the
USA as a whole and too geographically dispersed to make spatial analysis feasible.
Instead, we take advantage of the geographic scope of AQI for spatial analysis which has
not yet been conducted with regard to this topic.
Independent variables
As the key independent variable, we employ two different population
specifications. The first specification is the total county population and the percent of that
population that is foreign-born at the county level, and the second is the total US- and
foreign-born populations. To obtain annual data covering as many counties as possible,
we extract population data from the U.S. Census Bureau’s American Community Survey
(ACS) 5-year estimates which are available for all US counties from 2005–2009 to 2012–
2016. We assign these 5-year estimates to their middle years, following the suggestion of
the National Research Council (2007: 212) on using ACS 5-year estimates. And thus, our
dataset covers 8 years from 2007 to 2014.
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All other independent variables are also from ACS 5-year estimates. In addition to
population, technology and affluence are two other major factors in the literature
examining the relationship between population and environment (Dietz and Rosa 1997;
Cramer 2002; Shi 2003; York et al. 2003; Cole and Neumayer 2004; Cramer 1998;
Squalli 2009, 2010). Technology represents the effects of specific types of economic
activity. We use the total number of persons employed in three major industries that
produce emissions: agriculture, manufacturing, and utilities, transportation, and
warehousing.
Table 1 Description statistics of the 1070 counties across the contiguous U.S.
Variable

Mean

Std. Dev.

Min

Max

39

12

0

108

235,876

511,192

552

1.01e+07

6.46

6.86

0

52.23

201,003

377,693

549

6,582,850

Foreign-born population

34,873

148,897

0

3,485,724

Per capita income

25,860

6,276

11,614

66,522

1,516

3,432

0

72171

Employment in manufacturing

11,080

24,592

0

533,779

Employment in utilities,
transportation & warehousing

5,467

12,996

3

256,614

24.3

7.9

7

142

AQI
Total population
% Foreign-born population
US-born population

Employment in agriculture

Average Commute Time (in min)

Although studies on the relationship between population and emissions at the
national level use average gross domestic product to measure affluence (Dietz and Rosa
1997; Shi 2003; York et al. 2003; Cole and Neumayer 2004), per capita income is a
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common indicator of affluence at the state or county level (Cramer 1998; Cramer 2002;
Squalli 2009, 2010). We tested per capita income, average family income, and household
income in our models and found that both model selection criteria of Akaike’s
information criterion (AIC) and Bayesian information criterion (BIC) direct us to use per
capita income.
Drawing on Price and Feldmeyer’s (2012) study, we take into account of traffic
emissions by incorporating the county average of commuting time into our explanatory
variables. Table 1 shows the summary statistics for all the variables included in this
study.
Spatial autocorrelation of the data
Spatial dependence of air quality has been well documented in the literature.
Independent variables, such as population and commute time, may be spatially related as
well. Moran’s I statistic measures the degree of linear association between an attribute at
a given location and the weighted average of the attribute at its neighboring locations
(Anselin 1988). Global Moran’s I describes spatial autocorrelation of the data, by
assigning weights to spatial units to represent their different influences. The values of
Moran’s I usually range from − 1 to + 1, with 0 indicating no autocorrelation.
We calculate Moran’s I statistics for all the variables with both inverse distance
and contiguity weights matrices. Table 2 displays global Moran’s I test statistics with
inverse distance weights matrix on all the variables in 2007, 2010, and 2014. The values
of Moran’s I are all positive and significant at p < 0.0000. Counties cluster with those
have similar high or low values on population, income, commute, and employment in
agriculture, manufacturing, and utilities, transportation, and warehousing, though the
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levels of spatial autocorrelation vary. This was true regardless of what weights matrix we
used. The Moran’s I statistics indicate that air quality in one county depends on not only
air quality but also other factors in neighboring counties.
Table 2 Global Moran’s I test statistics on all the variables for the sample in three
selected years
2007

2010

2014

AQI

0.223

0.164

0.131

Total population

0.197

0.194

0.191

% Foreign-born population

0.706

0.717

0.734

US-born population

0.188

0.181

0.175

Foreign-born population

0.207

0.214

0.221

Per capita income

0.619

0.646

0.600

Employment in agriculture

0.149

0.149

0.136

Employment in manufacturing

0.143

0.141

0.140

Employment in utilities, transportation
& warehousing
Average commute time (min)

0.204

0.232

0.190

0.155

0.581

0.596

Note: weights matrices are inverse distance-based. p = 0.000.

Method
AQI and all the explanatory variables in this study display spatial autocorrelation,
which violates the assumption of ordinary least-squares regression that observations be
independent. To address spatial autocorrelation of the data, we employ spatial panel
models to assess the relationship between air quality and population.
Multiple Imputation of Missing Data
The spatial panel models that we use require balanced panel data, which our
samples do not have due to missingness. Multiple imputation (MI) is applied to handle
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missingness (Enders 2010; Allison 2012a). MI does not predict a single value for each
missing value as does conventional imputation. Instead, it replaces missingness with
multiple sets of simulated values and adjusts estimates for uncertainty of missing data
(Rubin 1996).
We impute missing values on AQI, per capita income, and commute time in the
samples by using a Multiple Imputation by Chained Equations (MICE) procedure, which
does not assume multivariate normality. MICE imputes multiple variables by using a
sequence of univariate imputation methods with fully conditional specification of
prediction equations (van Buuren et al. 1999). As recommended by Graham et al. (2007),
Bodner (2008), White et al. (2011), and Allison (2012b), the number of imputations for
accuracy should be similar to the percentage of missing data. Because the missingness of
the sample is 4.25%, we generate 10 imputations of missing values.
Fixed Effects Specification
There are potentially many features of a county relevant to local air quality,
including the nature of the local economy, urban versus rural status, topography, and
climate. Counties that host large numbers of tourists may experience disproportionately
high emissions from cars. Basins trap pollution while mountains stop the spread of smog.
Accounting for all these potential covariates is impossible given available data. A fixed
effects model accounts for time-invariant county-level characteristics and thereby allows
us to focus on change within counties over time and avoids the omitted regressor bias that
random effects model may have (Elhorst 2012).
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Spatial Weights Matrix
The extent to which spatial units influence each other depends on their spatial
locations relative to others. A spatial weights matrix defines the spatial structure of
relationships between spatial units and identifies which locations are important in driving
the spatial correlation (Anselin 1988). In panel models, spatial relationships are treated as
time-invariant.
In a spatial weights matrix W, the element wij (i, j = 1, …, n) reflects the spatial
influence of unit j on unit i, while wii always equals zero. Distance-based spatial weights
matrix measures the centroid distance dij between each pair of spatial units i and j. We
construct an inverse distance weights matrix, where wij = 1/dij, based on the law of
distance decay, which indicates that the effects of counties diminish over distance. A
contiguity weights matrix indicates spatial relationships between counties sharing a
boundary. wij is 1 if points i and j are neighbors, and is 0 otherwise. In our dataset, the
queen contiguity weights matrix has 84 islands, which means 84 counties have no
neighboring counties that share even a vertex with them. It is unclear how these counties
interact with others in terms of air quality. A distance-based weights matrix is more
appropriate than a contiguity weights matrix for our data because air quality is more
likely to correlate within a certain distance rather than within the boundary of specific
administrative units. However, we test both inverse distance weights matrix and queen
contiguity weights matrix for analysis of spatial models.
Spatial Panel Models
Spatial dependence is primarily explained by three interaction effects:
endogenous interaction effects, exogenous interaction effects, and interaction effects
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among the error terms (Elhorst 2014). Endogenous interaction effects refer to a spatial
interaction process where the dependent variable of a spatial unit depends on the
dependent variable of other units. Exogenous interaction effects represent the effects of
independent variables of neighboring units on the dependent variable of a given unit.
Interaction effects among the error terms capture spatial autocorrelation of omitted
variables.
Table 2 shows both endogenous and exogenous interaction effects of the data.
Significant spatial autocorrelation of air quality indicates that air quality in a given
county depends on air quality in other counties. Spatial autocorrelation of independent
variables implies that characteristics of counties, such as population and commute time,
would influence both local air quality and that in neighboring counties. A Spatial Durbin
Model (SDM) can account for spatial autocorrelation in both dependent and independent
variables, and is the best starting spatial model because it generalizes both spatial lag
model and spatial error model (LeSage and Pace 2009; Elhorst 2014).
The SDM panel model is expressed as
yt = ρWyt + Xtβ + WZtθ + μ + εt

(1)

where yt is the N-dimensional vector of dependent variables in period t; W is the spatial
weights matrix capturing the interaction between the N spatial units; Wyt reflects the
endogenous interaction effects among the dependent variable, or the spatial lag of
dependent variable; ρ denotes the spatial autoregressive coefficient that represents the
effect of Wyt; Xt is an N×K matrix of K independent variables; Xtβ denotes the effects
of independent variables on the dependent variable in the same unit; θ denotes a K×1
vector that reflects the effects of averaged characteristics of neighboring units; and WZt
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is the exogenous interaction effects among the independent variables that represent the
average effects of the independent variables in neighboring spatial units. The SDM
examines air quality at the U.S. county level by accounting for population, income,
commute time, and employment in agriculture, manufacturing, and utilities,
transportation, and warehousing in the same county, air quality and the explanatory
variables in neighboring counties, and other unobserved characteristics.
While SDM combines both endogenous and exogenous interaction effects, Spatial
Autocorrelation Model (SAC) or Spatial Autoregressive Model with Autoregressive
Disturbances (SARAR) takes into consideration both endogenous interaction effect and
interaction effects among the error terms (LeSage and Pace 2009; Elhorst 2014). We
estimate SAC model since determinants of air quality omitted from the model may be
spatially autocorrelated as well.
The SAC panel model takes the form
yt = ρWyt + Xtβ + μ + 𝜐𝜐t

𝜐𝜐t = 𝜆𝜆M𝜐𝜐t + εt

(2)

(3)

where 𝜐𝜐t denotes n × 1 vector of regression disturbances; 𝜆𝜆 is spatial autocorrelation

coefficient; M is a spatial weights matrix; M𝜐𝜐t denotes the interaction effects among the
disturbance term of the counties.
Results
For the purposes of comparison, we begin with nonspatial fixed effects panel
models shown in Table 3. The fixed effects panel models reveal how changes within
individual counties across time affect their air quality. The specification of population
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does not turn out to matter much for the results. In the first specification, total population
is negatively associated with AQI, i.e., a larger population size is associated with better
air quality. While the percent of foreign-born population shows negative association with
AQI, it is not significant. In the second specification, both US- and foreign-born
population sizes are negatively associated with AQI. In both model specifications, higher
income is also significantly associated with better air quality. On the other hand, greater
employment in agriculture and manufacturing and more commute time contribute to air
pollution.
Table 3 Fixed effects linear regression models
AQI
b/se
Total population (100,000s)
% Foreign-born population
US-born population (100,000s)
Foreign-born population (100,000s)
Per capita income (10,000s)
Employment in agriculture (10,000s)
Employment in manufacturing (10,000s)
Employment in Utilities, Transportation &
Warehousing (10,000s)
Average commute time (hours)
Constant
N
*

p < 0.05, ** p < 0.01, *** p < 0.001

-2.438**
(0.743)
-6.060***
(1.552)
-5.407***
(0.505)
3.613*
(1.533)
1.513**
(0.520)
2.193
(1.205)
5.393***
(0.768)
54.164***
(1.787)
8,196

b/se
-3.278***
(0.533)
-0.218
(0.119)

-5.236***
(0.519)
3.519*
(1.532)
1.470**
(0.520)
2.327
(1.198)
5.292***
(0.768)
55.919***
(1.730)
8,196
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To address spatial autocorrelation of the data, we move to spatial models. Spatial
dependence is often represented by separating direct and indirect effects. For the purpose
of this study, however, we focus on the overall population–environment association
instead of separating direct and spillover effects. Tables 4 and 5 present spatial Durbin
and spatial autocorrelation models with both inverse distance and contiguity weights
matrices, respectively. The spatial autocorrelation coefficients, ρ and λ, are highly
significant in all the models, indicating spatial autocorrelation of air quality across the
counties and the effects of omitted county factors. Air quality in a given county is likely
to be affected by air quality and other factors in neighboring counties, independent of the
impact of income, employment, and commute time. This affirms that a spatial model is
more appropriate than a nonspatial model. The coefficients in the spatial models are
generally smaller in magnitude than those of the nonspatial models, which indicates an
upward bias in least-squares estimates as opposed to spatial estimates (LeSage and Pace
2009). Moreover, fewer coefficients are statistically significant in the spatial models, in
contrast to the nonspatial models in which most of the coefficients are significant.
The spatial models yield some consistent results on the population–environment
association, despite using different weights matrices and different specifications of
population. First, total population is significantly associated with better air quality across
all the models. An increase of 100,000 persons in total population in a reference county
would reduce local median AQI by approximately 1.6–2.6 points in the same county.
Second, when breaking down the total population, US-born population is significantly
associated with better air quality while the similar impact of foreign-born population is
significant only in the SDM with a contiguity weights matrix. The weaker association
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Table 4 Fixed effects Spatial Durbin models

Total population (100,000s)
% Foreign-born population
US-born population (100,000s)

Inverse
Distance
Matrix
-1.606**
(0.504)
0.216
(0.127)

Contiguity
Matrix

Inverse
Distance
Matrix

Contiguity
Matrix

-1.417*
(0.696)
-2.187
(1.477)
0.725
(0.690)
-0.930
(1.397)
0.409
(0.483)
1.407
(1.087)
0.523
(0.728)

-1.859*
(0.744)
-4.457**
(1.658)
-3.845***
(0.640)
2.365
(1.541)
0.859
(0.522)
1.266
(1.171)
3.331***
(0.743)

0.720
(0.680)
-1.099
(1.396)
0.321
(0.482)
1.466
(1.082)
0.462
(0.729)
-15.310***
(3.466)
-0.066
(0.646)

-3.770***
(0.627)
2.303
(1.526)
0.861
(0.518)
1.367
(1.164)
3.383***
(0.741)
-0.163
(1.884)
1.516**
(0.487)

-2.236
(2.005)
9.739
(5.149)
1.540
(1.865)
-2.312
(3.930)

-23.117***
(4.493)
12.721
(10.575)
1.952
(1.621)
91.484***
(14.834)
0.922
(4.471)
-6.415
(7.204)

-0.710
(2.576)
6.154
(5.351)
-0.459
(1.928)
8.057
(5.188)
1.060
(1.873)
-3.199
(3.949)

2.644
(1.813)
83.881***
(14.581)
-7.687*
(3.744)
1.391
(6.607)
7.049**
(2.455)
0.678***
(0.009)

16.629***
(3.405)
0.680***
(0.033)

4.191
(2.645)
0.680***
(0.009)

16.227***
(3.388)
0.680***
(0.033)

-2.416***
(0.562)
-0.165
(0.132)

Foreign-born population (100,000s)
Per capita income (10,000s)
Employment in agriculture (10,000s)
Employment in manufacturing
(10,000s)
Employment in utilities, transportation
& warehousing (10,000s)
Average commute time (hours)
W * Total population (100,000s)
W * % Foreign-born population
W * US-born population (100,000s)
W * Foreign-born population
(100,000s)
W * Per capita income (10,000s)
W * Employment in agriculture
(10,000s)
W * Employment in manufacturing
(10,000s)
W * Employment in utilities,
transportation & warehousing
(10,000s)
W * Average commute time (hours)
Spatial rho
*

p < 0.05, ** p < 0.01, *** p < 0.001
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between immigrant population and air quality is also manifested in the coefficients of the
percent foreign-born, which are all not statistically significant, and the sign of
coefficients varies by the weights matrix. These results generally show that population,
either total population, US-born, or foreign-born population, is not associated with worse
air quality but better air quality, accounting for spatial dependence of the data.
Table 5 Fixed effects Spatial Autocorrelation models

Total population (100,000s)
% Foreign-born population
US-born population (100,000s)

Inverse
Distance
Matrix
-1.811***
(0.485)
0.193
(0.126)

Contiguity
Matrix

1.037
(0.652)
0.421
(1.352)
0.171
(0.471)
1.454
(1.072)
0.434
(0.724)
0.628***
(0.026)
0.626***
(0.027)
8,560

-3.529***
(0.431)
2.948*
(1.373)
1.152*
(0.459)
1.806
(1.051)
4.014***
(0.674)
0.980***
(0.050)
-0.988***
(0.076)
8,560

-2.545***
(0.484)
-0.175
(0.122)

Foreign-born population (100,000s)
Per capita income (10,000s)
Employment in agriculture (10,000s)
Employment in manufacturing
(10,000s)
Employment in utilities, transportation
& Warehousing (10,000s)
Average commute time (hours)
Spatial rho
Lambda
N
*

Inverse
Distance
Matrix

Contiguity
Matrix

-1.542*
(0.672)
-2.380
(1.418)
1.131
(0.663)
0.490
(1.352)
0.225
(0.473)
1.354
(1.078)
0.490
(0.724)
0.628***
(0.026)
0.627***
(0.027)
8,560

-1.972***
(0.595)
-2.233
(1.203)
-3.174***
(0.417)
2.971*
(1.212)
0.499
(0.416)
1.441
(0.971)
3.615***
(0.654)
1.218***
(0.040)
-0.819***
(0.075)
8,560

p < 0.05, *** p < 0.001

Other results largely differ by model or matrix. With the contiguity weights
matrix, the estimated coefficients tend to be larger and are more likely to be significant.
The effect of income and commute time becomes significant in both SDM and SAC
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models with the contiguity weights matrix, but not with the inverse distance weights
matrix. Higher per capita income is associated with better air quality, while longer
commute time is associated with worse air quality. An increase of 10,000 dollars in per
capita income in a county would decrease AQI by 3.2–3.8 points, whereas an increase of
1 h in average commute would increase AQI by 3.3–4.0 points. In other words, the more
affluent counties are more likely to have better air quality, whereas the counties with
longer average commute time are more likely to have worse air quality. Larger numbers
of workers in agriculture and manufacturing are associated with worse air quality only in
the SAC models with contiguity weights matrix.
The spatially lagged variables in the SDMs (Table 4) show that air quality in a
given county is significantly affected by most of the variables in neighboring counties.
The spatially lagged coefficients in SDM are the only area in which population
specification begins to matter. Using the second population specification (US- and
foreign-born populations), the US-born population is negatively associated with AQI in
the model using the inverse distance weights matrix, which implies that a county’s air
quality benefits from a larger population in neighboring counties. In the same model,
increase in neighboring counties’ employment in agriculture contributes to worse air
quality in the reference county. Using the contiguity weights matrix, only neighboring
counties’ average commute times has a statistically significant association with AQI,
leading to worse air quality in the reference county.
Using the first population specification (total population and percent immigrant),
total population of neighboring counties is negatively associated with AQI in the model
using inverse distance weights, while percent immigrant has no significant association

88

with air quality. In this model, a larger scale of manufacturing in neighboring counties
makes air quality in the reference county better, while an increase in employment in
agriculture and longer commute time in neighboring counties result in worse air quality
in the reference county. Using the contiguity matrix, total population in neighboring
counties has no significant association with the air quality of the reference county, but
percent foreign-born is significantly associated with worse air quality in neighboring
counties. This is the only positive association between immigrants and AQI in any of our
models. The only other significant spatially lagged coefficient in the contiguity weights
models is commute time, which is associated with worse air quality in the reference
county.
In sum, accounting for spatial dependence of air quality, total population and USborn population in the study counties are consistently associated with better air quality,
while foreign-born population is generally not associated with air quality. These results
hold across two spatial panel models with different weights matrices, as well as two
different specifications of population, and net of the effects of other established
technological and economic drivers of air pollution. The effects of neighboring counties’
US- and foreign-born populations, shown in the SDMs, are much less clear, with the
results being highly dependent on both the population specification and the type of
weights matrix used.
Conclusion
The relationship between population, particularly immigrant population, and the
environment is contentious both theoretically and empirically. On one hand, population is
linked to environmental degradation by the Malthusian perspective and quantitative
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studies, though the strength of the relationship and the extent to which it holds across
different types of environmental harm is not clear. Both nativists and environmentalists
have used this to argue that immigration, as the major source of US population growth,
poses a unique set of harms to the environment. On the other hand, immigrants tend to
behave and consume in more environmentally friendly ways than do US natives, and a
handful of empirical studies show that the size of the US-born population has a negative
association with air quality, while the size of the immigrant population has a neutral or
positive association. On balance, empirical findings support the conclusion that
population growth due to immigration is less environmentally harmful than population
growth of the US-born population, a conclusion that has not ended the immigration–
environment debate, because immigration today of course means a larger US-born
population in the next generation.
Our findings call into question the consensus that immigration has a different
relationship with air quality than does growth of the US-born population. By using fixed
effects spatial panel analysis, we find that total population, US-born population, and
sometimes foreign-born population are significantly associated with better air quality
across 1070 counties in the contiguous USA. Previous studies find a positive relationship
between total population size and specific pollutants (Preston 1996; Cramer 1998;
Cramer and Cheney 2000; Cole and Neumayer 2004; Squalli 2009, 2010; Lankao et al.
2009; Price and Feldmeyer 2012; Laureti et al. 2014). Other studies find that US-born
population is more likely to be associated with worse air quality than foreign-born
population (Cramer 1998; Squalli 2009, 2010; Price and Feldmeyer 2012; Ma and
Hofmann 2019). In contrast, this study shows that within counties, increases in
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population, whether US- or foreign-born, are associated with better overall air quality.
There are a number of possible reasons for the differences between our findings
and those of previous, similar studies. First, the use of spatial regression models tended to
shrink the magnitude and significance of our coefficients. It is unclear how much spatial
autocorrelation may have influenced the results of previous studies. For example, Price
and Feldmeyer (2012) used MSAs as their level of analysis, which means that some of
their spatial units were located near each other, but they were not actually contiguous.
More importantly, the use of fixed effects models, which are unique to our study, may
explain a great deal of the difference in results. Finally, the use of AQI is also unique to
our study, and our use of a composite measure of air quality may mask different
relationships between population and specific individual pollutants.
In accord with political economy theory, our findings imply that population
growth is not the primary cause of air pollution, at least in this sample. York and Rosa
(2012) argue that the number of households has greater effects on pollution than the size
of households, which means that developed nations, with smaller average household
sizes, contribute more to air pollution. With population less than the total of the 15
wealthy nations of the European Union, the USA consumed much more fossil fuels and
generated much more greenhouse gases than the total of these countries (Ewing 2004).
Ecologically unequal exchange shifts environmental burdens from core to semiperipheral and peripheral nations (Bunker 1984; Rothman 1998; Roberts and Parks 2007;
Rice 2007; Jorgenson and Clark 2009). Environmental costs of population in developed
countries are transferred to developing countries through trade (Weber and Matthews
2007; Pan et al. 2008; Stretesky and Lynch 2009; Sato 2014; Hoekstra et al. 2016).
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Consequently, population pressure on the US environment may be greatly mitigated, as
indicated by our findings.
Interestingly, Elliott and Clement (2015) reveal similar spatial inequalities in
carbon emissions among US counties: more affluent areas appropriate the global carbon
cycle for use and exchange purposes by shifting carbon-intensive industrial production to
less developing areas, without reducing carbon-intensive residential energy emissions.
The environmental inequality across counties in the USA is an analogy to the inequality
across countries in the world, demonstrating environmental advantage of the developed
regions over the less developed regions.
This study suffers from a number of limitations. AQI, as a measure, has some
fundamental weaknesses, as discussed earlier. Counties that report AQI data are not
representative of the USA as a whole and over-represent urban areas and the West and
Northeastern regions. To maintain a larger sample size, we relied on imputation of the
data, which has the potential to introduce bias (White and Carlin 2010). Finally, although
the panel nature of this data is an advantage, only a small set of years are available,
limiting our conclusions about the longer-term effects of population change on air
quality. Despite these limitations, this dataset allowed us to focus on within-county
change in a way that was not possible in previous studies, challenging the conclusion that
immigration has a unique relationship with air quality.
This finding should serve as a springboard for future research on the population–
environment connection and particularly the immigration–environment connection. We
see three particularly promising areas for future research. First, research at a lower level
of analysis has the potential to better identify relationships between population change
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and environmental impact. Particularly when studying air quality, the county level is not
an ideal measurement, because air quality is shaped by climatic and topographic
conditions that do not correspond to county boundaries and neither do people live evenly
dispersed within counties. Second, better measurement of county- or lower-level
characteristics would push research on this topic forward. While studies of population
across counties tend to show a negative relationship between total population and air
quality, our within-county models showed the opposite relationship, indicating that some
unmeasured characteristics of counties play an important role. Finally, the relationship
between immigration and aspects of environmental quality other than air quality has
received almost no attention in the literature. Immigrants’ more environmentally friendly
lifestyles may manifest themselves more strongly in waste production, carbon emissions,
or other aspects of environmental quality better than they do in air quality, but more
research is needed.

Notes
1. This information was learned through communication with Senior Statistician David
Mintz of Air Quality Analysis Group at U.S. Environmental Protection Agency during
February 21 and 23, 2017.
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CHAPTER IV
A COMPARISON STUDY OF ENVIRONMENTAL BEHAVIORS OF U.S.-BORN
WHITES AND IMMIGRANTS *

Introduction
The relationship between population and the environment is controversial across
the countries of immigration. In the USA, some activists have long argued that
immigration, as the major component of U.S. population growth, is also a key source of
environmental harm (Abernethy 2002; Beck et al. 2003; Cafaro 2015; Chapman 2006;
Krikorian 2008; Simcox 1992). However, the handful of empirical studies that test the
relationship between immigrant population and environmental quality (measured as air
quality) find that the immigrant population is more likely to be associated with better air
quality, while the U.S.-born population is more likely to be associated with worse air
quality (Cramer 1998; Ma and Hofmann 2019; Price and Feldmeyer 2012; Squalli 2009,
2010). Moreover, while the population pressure that immigrants place on the
environment has been highlighted, their environmental capacities shaped by diverse
cultures have been ignored (Klocker and Head 2013).

*

This chapter is based on a published paper and a supplementary study.
Reprinted by permission from Springer Nature, Journal of International Migration and
Integration, Ma, Guizhen, Similar or Different? A Comparison of Environmental Behaviors of
US-Born Whites and Chinese Immigrants, 20(4): 1203-1223, Copyright (2019).
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The relationship between immigration and better air quality may be related to
immigrants’ environmental behaviors, which are, on average, more environmentally
friendly than those of U.S.-born people (Chatman and Klein 2009; Hunter 2000; Pfeffer
and Stycos 2002). Given the heterogeneity of immigrant groups in the USA, it is not
surprising that they differ in both environmental behaviors and associations with air
quality. Studies find racial/ethnic variation in recycling, household energy consumption,
and rates of input energy waste and carbon dioxide pollution (Hackett and Lutzenhiser
1991; Johnson et al. 2004; Lutzenhiser 1997). Furthermore, the associations between
immigrants and air quality vary by immigrants’ country of origin (Ma and Hofmann
2019). These differences may be explained by the differential environmental behaviors of
immigrant groups. However, the limited research on immigrants’ environmental
behaviors in the USA either treats immigrants as a homogenous group or focuses on
Latino immigrants’ transportation and housing adjustments (Atiles and Bohon 2003;
Bohon et al. 2008). There is a dearth of qualitative research on how culturally specific
immigrant groups differ from U.S.-born people in environmental behaviors.
How might cultural disparity lead to different environmental behaviors and
impacts on the environment? How might environmentalism in the USA be advanced by
ethnic and cultural diversity which is a unique resource for the country of immigration?
Research on the daily sustainabilities of ethnic minorities would shed light on alternative
opportunities for sustainability (Klocker and Head 2013). The purpose of this study is to
compare immigrants with U.S.-born Whites. I choose two of the largest immigrant
groups, Mexican and Chinese, to compare with Whites. This qualitative interview study
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gains insights into household environmental behaviors and explores alternative
opportunities for sustainability.
Literature Review
Environmental Behaviors
Research studies measure environmental behaviors in various ways. Some focus
on private environmental behaviors, such as household energy use, consumption,
recycling, driving, and waste management (Hunter 2000; Kim and Moon 2012; Olli et al.
2001; Walton and Austin 2011). Others include both private and public environmental
behaviors such as environmental reading, political activity, and participation in
environmental groups (Johnson et al. 2004; Pfeffer and Stycos 2002). However,
immigrants may not engage in public environmental behaviors actively as Whites do.
Anglo/Eurocentrism of environmentalism has been criticized for prioritizing dominant
culture over practices of other cultural groups (Baldwin 2009; Bradley 2009; Head et al.
2018; Jones 2002; Klocker and Head 2013; Merchant 2003; Neumayer 2006).
Immigrants’ lack of civic engagement regarding environmental issues is merely a
reflection of their often-marginalized status, language barriers, or cultural differences
(Clarke and Agyeman 2011; DeSipio 2011; Klocker and Head 2013; Lien et al. 2004;
Pfeffer and Stycos 2002; Ramakrishnan and Viramontes 2010). Household environmental
behaviors are crucial to connect daily practices to the environment and, thereby, to
inform environmental policy and education (Gibson et al. 2013; Klocker and Head 2013;
Lane and Gorman-Murray 2011; Reid et al. 2010; Waitt et al. 2012). This study focuses
on household environmental behaviors, such as household energy use, waste
management, and transportation.
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A wide variety of personal and social factors are linked to environmental
behaviors, from demographics to socio-cultural, economic, and institutional forces (see
Gifford and Nilsson 2014 and Frederiks et al. 2015 for reviews). Personal norms may
guide people to reduce car use (Abrahamse et al. 2009), to reduce littering (Cialdini et al.
1990), and to recycle (Matthies et al. 2012). People with higher levels of education or
more knowledge about the environment are more likely to adopt responsible
environmental behaviors (Fielding and Head 2012; Johnson et al. 2004; Laidley 2011;
Levine and Strube 2012; Mobley et al. 2010). Older people are more likely than younger
ones to engage in pro-environmental behaviors (Gilg et al. 2005; Johnson et al. 2004; Olli
et al. 2001; Pinto et al. 2011; Swami et al. 2011). This finding suggests a cohort or period
effect that individual experience of scarcity in hard economic times may lead to frugality
(Gifford and Nilsson 2014; Olli et al. 2001). Household energy use usually increases with
income and household size (Abrahamse and Steg 2009; Benders et al. 2006; Brandon and
Lewis 1999; Poortinga et al. 2004; O’neill and Chen 2002). In Western countries,
immigrants often have limited choices but to drive cars (Waitt et al. 2016). Research
maintains that access to a structured recycling program is the most important determinant
of recycling (Barr 2007; Berger 1997; Derksen and Gartrell 1993; Guagnano et al. 1995;
Steel 1996; Walton and Austin 2011). These factors can shape individuals’ environmental
behaviors in varying degrees.
Variation in Environmental Behaviors
Immigrants, in general, differ from native-born people in their environmental
behaviors. Research indicates that immigrants were more likely to ride public
transportation, carpool, or walk and less likely to drive personal vehicles than native-born
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people in the Western countries (Australian Bureau of Statistics 2012; Blumenberg and
Smart 2010; Chatman and Klein 2009; Heisz and Schellenberg 2004; Uteng 2009).
Immigrants were more likely than U.S.-born people to adjust behaviors for environmental
reasons, including buying organic produce, eating less meat, cutting back on driving, and
recycling (Hunter 2000). In New York City, immigrants were more likely to buy energysaving appliances, save water, and eat less meat, while U.S.-born people were more likely
to buy energy-saving light-bulbs (Pfeffer and Stycos 2002). In Australia, foreign-born
minorities were more likely than native-born people to reduce energy consumption
(Australian Department of Environment and Conservation 2005).
Meanwhile, immigrants are not homogeneous with regard to environmental
behaviors that are jointly shaped by social status, ethnicity, and material culture
(Lutzenhiser 1997). Latino immigrants were less likely than U.S.-born people to have
personal cars and good housing conditions due to their lower-income, legal status, and
other deficits (Atiles and Bohon 2003; Bohon et al. 2008). Foreign-born Mexicans were
more likely than U.S.-born people and other immigrants to engage in sustainable
practices, such as driving less, water conservation, and reducing household energy
consumption (Macias 2016). Hispanics and Asians used less energy and produced less
carbon dioxide pollution than U.S.-born residents in California (Lutzenhiser 1997).
Electricity consumption varied by birthplace in two apartment complexes in California,
with the immigrants using less than the U.S. citizens after utilities were no longer
included in the rent (Hackett and Lutzenhiser 1991). Asians were more likely than Latino
immigrants and U.S.-born people to recycle (Johnson et al. 2004). Asian immigrants
owned fewer cars and drove less than Australian‐born counterparts, controlling for
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demographic and socioeconomic factors (Klocker et al. 2015). These studies suggest
significant differences in environmental behaviors between native-born people and
immigrants, and among immigrants of different origins.
Cultural Differences and Assimilation
Culture plays a key role in shaping diverse environmental behaviors across
race/ethnicity (Johnson et al. 2004; Klocker and Head 2013; Lutzenhiser 1997; Oreg and
Katz-Gerro 2006; Stern et al. 1995). Western culture tends to emphasize humankind’s
mastery over nature (Hand and Van Liere 1984; Schultz et al. 2000; White 1967). Asian
culture, by contrast, views that human beings are part of nature in a harmonious
relationship and are responsible for nature (Altman and Chemers 1980; Callicott and
Ames 1989; Kluckhohn and Strodtbeck 1961), which prompts individuals to participate
in environmentally friendly behaviors (Kim and Moon 2012). Collectivism, which is
common in Asian culture, encourages pro-environmental behaviors, such as recycling
(McCarty and Shrum 2001) and green purchase behaviors (Kim and Choi 2005). Chinese
culture has a strong focus on harmonious man–nature orientation and collectivism, which
is conducive to pro-environmental behaviors, such as green purchasing (Chan 2001; Lee
2017). Nevertheless, this pro-environmental orientation of Asian culture may be
weakened since Western culture substantially influences contemporary non-Western
societies through colonialism, religion, industrialism, consumerism, and materialistic
values (Johnson et al. 2004; Sodowsky et al. 1994).
Immigrants have to consider the appropriateness of environmental behaviors in
the culture which they settle (Hackett and Lutzenhiser 1991), where they often
experience significant social pressure to acculturate (Carter et al. 2013; Smith 2006).
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They assimilate into the mainstream culture over time, which narrows the gap in
environmental behaviors between immigrants and native-born people (Blumenberg and
Shiki 2008; Hackett and Lutzenhiser 1991; Hunter 2000; Macias 2016). Immigrants
became similar to native-born people in transportation patterns after the first few years of
residence (Blumenberg 2009; Chatman and Klein 2009; Heisz and Schellenberg 2004; Lo
et al. 2011; Myers 1997; Tal and Handy 2010), though they may be still more dependent
on public transportation than native-born population (Modarres 2013). Foreign-born
Latinos were less likely to recycle than U.S.-born Latinos who are similar to U.S.-born
Whites in recycling (Johnson et al. 2004). Although immigrants assimilated into
dominant environmental behaviors, they may be skeptical about the excessive
materialism of American consumerism (Carter et al. 2013).
Amid the immigration-environment debate, rising voices across Western societies
call for an opening to cultural diversity in seeking environmental sustainability
(Anderson 2005; Bradley 2009; Ehrlich 2002; Goodall 2008; Head et al. 2018; Klocker
and Head 2013). Klocker and Head (2013, 52) warn that the assimilation of immigrants
into Western consumption patterns may be an “environmental liability.” Bradley (2009)
contends that immigrants are expected to live up to Swedish environmental norms
including recycling, using public transportation, and buying energy-efficient light bulbs
while the high consumption lifestyle of Swedes, such as large house sizes, ownership of
multiple homes, and high frequency of car driving, is neglected. Swedes have larger
ecological footprints than immigrants, even though they recycle more and consume more
organic foods (Bradley 2009). Klocker and Head (2013) further point out that Western
environmentalism assumes the superiority of Anglo or European culture over
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environmental values and practices of minority groups and treats ethnic diversity as a
threat to environmentalism that needs to be subdued through assimilation. Instead, it is
beneficial to environmental sustainability to take advantage of cultural diversity (Bradley
2009; Head et al. 2018; Klocker and Head 2013).
This study begins as an effort to explore how cultural diversity may contribute to
environmental sustainability in the U.S. context. Immigrants from Mexico have long been
the largest single group of U.S. immigrants, currently accounting for 25% of all
immigrants (Migration Policy Institute 2018). Their incorporation into U.S. society has
been the most widely studied. The population of immigrants from mainland China
increased significantly since 1980 and became the third-largest immigrant group in the
USA (Migration Policy Institute 2018). The large share of Chinese immigrants with a
culture very different from Western culture makes a potential starting point to tap into
alternative capacities to address environmental challenges. I compare the environmental
behaviors of Chinese immigrants with U.S.-born Whites. Then, I incorporate Mexican
immigrants into the comparison in order to further investigate the distinctness of Chinese
immigrants. This study aims to broaden our knowledge about how daily behaviors are
related to the environment, how immigrants may integrate or disintegrate into American
environmental behaviors, and the implications for environmentalism in the USA.
Methods
To obtain insight into cross-cultural environmental behaviors at the household
level, I conducted face-to-face interviews with U.S.-born persons and mainland Chinese
immigrants from October 2017 to March 2018. The interviews took place in a college
town and nearby areas where the immigrant population is only a small share, compared to

111

the dominant non-Hispanic White population.
The study was reviewed and approved by my university’s Institutional Review
Board (IRB). In addition to posting and sending out the recruitment flyers in physical
locations, such as the city library and churches, I asked my acquaintances to help to
spread the word or send out the flyers. I also posted Chinese flyers on local Chinese
immigrants’ social media groups. My interviewees often helped me to spread the word or
give out the flyers. While a snowball approach was key to recruit the participants, a
purposeful sampling approach with maximum variation was also used to capture the
heterogeneity of the targeted population (Creswell 2012; Patton 2002). When there were
about four interviewees in each group that have similar characteristics such as age and
education, I stopped recruiting the same types of participants. To look for different
participants, I went to other locations such as a food pantry and Chinese restaurants.
As I neared 20 interviews for each group, the amount of new information
diminished significantly. Therefore, I conducted 20 interviews with U.S.-born persons
and 20 interviews with mainland Chinese immigrants. Unexpectedly, one of the Chinese
interviewees turned out to live in an American-Chinese family. I excluded this case
because it would confound the comparison between U.S.-born persons and Chinese
immigrants and, also, because it provides neither more information nor contradictory
data. All but one of the U.S.-born interviewees are Whites. Excluding this case as well
leaves a sample of 19 mainland Chinese immigrants and 19 U.S.-born Whites.
The interviewees varied by nature of work, age, and length of residence (for
immigrants). Most of the interviewees had at least some college education and were
females. The major demographic difference between the two groups of interviewees was
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that the U.S.-born Whites had wider ranges of occupations and ages than the Chinese.
There were five retired and highly-educated U.S.-born Whites but no Chinese
counterparts. Table 1 summarizes the primary characteristics of the 38 interviewees.
Table 1 Characteristics of the interviewees

Gender
Men
Women
Education level (highest in the family)
High school or less
Some college
College degree
Graduate degree
Years in the USA (longest in the family)
Less than 5
5-15
More than 15
N

Chinese
I
i

U.S.-born Whites

6
13

4
15

7
1
3
8

7
4
5
3

7
7
5
19

0
0
19
19

The interviews were carried out in English with the U.S.-born Whites and in
Chinese with the Chinese immigrants. All the relevant documents were available in both
languages. I conducted the interviews with the participants mostly in public locations,
and the interviews lasted from 10 to 35 min. I presented the consent form in English or in
Chinese and made sure they read through it and agreed to continue. Then, I asked the
questions one by one while they also had a copy of the questions for reference. The semistructured interviews involved questions regarding household environmental behaviors,
including energy use at home, transportation, and waste management (Table 2). The
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Chinese immigrants were asked two more questions. One is whether their behaviors are
influenced by Chinese culture. Another is whether there are changes in their behaviors
over time.
Table 2 Interview questions
Background:
How long have you been in (local geography)?
How long have you been in the USA (for Chinese interviewees)?
What is your occupation?
Are you concerned about air quality in (local geography)? Why?
Do you live in a single-family house or an apartment?
How many people live in your household?
Energy use:
What are appliances and devices in your home that use electricity, gas, or other
energy?
How often do you use them?
What are typical temperatures you set your thermostat in summer and winter?
Do you turn lights off in unused rooms? Or do you tend to keep them on?
Do you line-dry clothes or use a dryer? Or do you do a combination of the two?
Do you wash dishes by hand or use a dishwasher?
Do you wait for a full load to use a washing machine and a dishwasher?
Or do you run them more frequently?
Transportation/Driving habits:
Do you usually drive a car, use public transportation, carpool, or walk? How often?
If you or anyone in your household drive a car:
How many cars do you have?
How many miles do you drive a car per year?
What is the total mileage on all the cars in your household?

114

Do you ever idle your car before driving? If yes, how often?
Do you cut back on driving a car for environmental reasons?
Do you drive an energy-efficient car?
Waste Management:
How likely do you buy products that can be recycled, are environmentally friendly or
organic, or have less packaging?
How much waste does your household produce per week?
Do you recycle? What and how do you recycle?
Do you reuse household items?
How often do you use plastic bags?
For Chinese only:
Do you think your environmental behaviors are influenced by Chinese culture, or
because you are Chinese? If yes, how is the connection between them?
Have your behaviors mentioned above changed over time since you came to the USA?
If so, what is the change? Why?

All the interviews were audio-recorded, except two with Chinese interviewees
who refused to be recorded. In the latter two cases, I wrote notes when conducting these
interviews and expanded the notes immediately after the interviews. I transcribed the
interviews with Chinese and 2 of the interviews with the U.S.-born persons. The
remaining 18 interviews in English were transcribed by a professional company which
provides confidential transcription services. I double-checked the transcriptions by
reading through again and comparing them with the corresponding audio records if
needed. I printed out all the transcripts and manually coded the data line-by-line.
After completing the interviews with Chinese immigrants, I was able to be funded
to complete supplementary interviews with 20 Mexican immigrants. These interviews
were conducted by two Spanish-speaking researchers in the same region, with the same
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interview questions and techniques. The findings of the interviews with Chinese and
Mexican immigrants show significant differences from those of Whites, while the two
groups share similarities. I focus primarily on the comparison between Whites and
Chinese immigrants, with a summary of the findings from Mexican immigrants.
Cross-cultural Comparison of Household Environmental Behaviors
Household environmental behaviors of the Whites and the immigrants were
different in some respects yet similar in others. The U.S.-born interviewees were more
likely than the immigrants to be concerned about local air quality, i.e., winter inversions
that trap a dense layer of cold and polluted air below a layer of warm air. However,
Whites’ higher levels of environmental concern were not necessarily translated into more
environmentally friendly behaviors. Consistent with prior research, this indicates that
fundamental factors other than concern may shape environmental behaviors.
Differences
Household Energy Use
The culture of thrift is the essential theme that emerges from the narratives of the
Chinese immigrants, which distinguishes them from the U.S.-born Whites.
Heating and cooling account for most household energy use. The interviews were
conducted in a region that is usually cold in winter and moderately hot in summer. All the
interviewee’s houses had heating systems, but some did not have air conditioners. Some
U.S.-born interviewees who had both heating systems and air conditioners set constant
temperatures around 70 °F throughout the year. Most Chinese interviewees did not use
air conditioners in summer, though a few of them set temperatures higher than 70 °F

116

during winter. The U.S.-born Whites were more likely to set slightly lower temperatures
on their air conditioners in summer than the Chinese immigrants who used air
conditioners. The U.S.-born Whites who did not use air conditioners did this largely
because they did not have them, whereas the Chinese immigrants often had air
conditioners but chose not to use them.
Most of the Chinese interviewees felt it was not necessary to turn on air
conditioners. A Chinese interviewee who had been in the USA for less than one year
said:
I personally feel like Americans waste more than Chinese. For example, they
set much lower temperatures on air conditioners in summer, while keeping
rooms too warm in winter. I think either high or low temperature wastes
energy and is also uncomfortable. But they just like that [set temperatures low
in summer and high in winter].
Some Chinese believed that ventilating the house by opening windows than is
more natural than using air conditioners. Others were concerned about the cost. A young
Chinese professional living in a single-family house said:
I figured out that if I were very comfortable, my wallet would be very
uncomfortable.… I tried to set the temperature to the point that made me very
comfortable during the summer. But I found my utility bills were much too
expensive! I had to raise it to around 78 °F.
In addition, frequencies of using the washer, the dryer, and the dishwasher were
higher among the U.S.-born interviewees than among the Chinese interviewees. For the
same family size, the Chinese immigrants usually had fewer washing loads per week than
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the U.S.-born interviewees. For instance, a White and a Chinese family of five had the
most washing loads per week in each of their groups. The White family washed 10 loads
per week, while the Chinese family washed 5 loads per week. When there was no washer
available in the apartment, some Chinese immigrants preferred not to use laundromats,
but to wash by hand due to concern about the hygiene of laundromats.
Frugality even keeps some Chinese immigrants from using the dishwasher and the
dryer which are not common in China even now. Most of the Chinese interviewees were
skeptical about these time- and energy-consuming appliances. Only three of them used
dishwashers at least once a week. One young Chinese said he would use the dishwasher
once he has one because it does not necessarily consume more water than hand washing.
In contrast, the U.S.-born interviewees generally reported higher frequencies of using
dishwashers, from once a week to daily, except those who did not have one. The Chinese
interviewees who used dryers were the youngest or those living in the USA for the
longest time. The youngest living in apartments and did laundry at laundromats and had
to use both washers and dryers. The longer-term immigrants often got used to the dryer
for its convenience, after rejecting it in their first few years in the USA. Five Chinese
who used dryers also dried their clothes on clotheslines, especially during summer. Five
other Chinese interviewees line-dried only. On the contrary, only one U.S.-born
interviewee said his family line-dried and seldom used a dryer. Four others used
clotheslines only in summer.
The Chinese interviewees consistently mentioned other energy- or resourcesaving behaviors that were driven by their sense of thriftiness. Many of them volunteered
that they turned off lights whenever no one was in a room and emphasized that it was a
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habit. By contrast, only a few U.S.-born interviewees said that they tried to do so after I
asked them. The inclination among the Chinese to reuse things extended to a variety of
household items, such as paper, plastics, water, and clothes. Meanwhile, they observed
that their U.S.-born neighbors were not as frugal, i.e., turning on lights throughout the
whole house, watering their lawn every day, and setting room temperatures high in winter
and low in summer.
Socioeconomic status was related to household energy use only to some extent.
The higher incomes of some Chinese interviewees relative to others, inferred from their
occupations, enabled them to live in more energy-consuming single-family houses,
instead of smaller apartments. However, high income may not necessarily imply greater
energy use. Among the U.S.-born Whites, a young student and a low-income person
whom I met at a food pantry each lived in a single-family house their parents bought.
And this low-income person used the dishwasher for her family of two every day, more
frequently even than other U.S.-born Whites. Among the Chinese, the young students
with low or no income were more likely than longer-term immigrants to use dryers and
dishwashers, if available in their apartments, and to keep room temperatures warmer in
winter.
Overall, the Chinese immigrants used less electricity and gas at home than the
U.S.-born Whites. Culture differences between the two groups seem to account for the
disparity. The cultural imprint of thrift was heavier on the Chinese immigrants than on
the U.S.-born Whites, which may be related to the different standards of living in the
USA and in China. Most of the Chinese interviewees attributed their frugal household
energy use to Chinese culture, though a few highly-educated Chinese felt their
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knowledge of environmental impact was also a major factor. The frugal habits of the
Chinese immigrants, instilled from an early age in China, became part of their daily lives,
as a Chinese woman who had been in the USA for 11 years said:
I notice that...most Chinese, including myself, may be very frugal. Maybe our
living habits, cultural habits matter. Parents always told us to be frugal. So, I
see many of my friends, as well as ourselves, never leave a light on if it is not
needed. We must turn it off [laughter]. As for the dishwasher, we use it as
little as possible. And we won’t use it until it is really full. Same with the
washer. We use it until a certain capacity is met. Otherwise, we won’t use it.
The first-generation Chinese immigrants also trained their U.S.-born children to
be frugal, such as washing dishes by hand, turning off lights whenever leaving a room,
and not turning on the air conditioner in summer, which were not mentioned by any of
the White interviewees. Among the U.S.-born Whites, only the elderly interviewees
intentionally saved energy at home. The only U.S.-born interviewee who line-dried
laundry and rarely used the air conditioner in summer noticed changes in environmental
behaviors from generation to generation:
I think probably…because we’re now in our 70s. We grew up in a different
time. When there wasn’t quite so much access, activities, access resources,
we just are comfortable with using less.… Our kids are pretty
environmentally conscious as well. Maybe a little bit less than we are because
they’re just kids, you know, young adults. But that’s how it is.
This generational gap in frugality was evident among the Chinese immigrants as
well. The younger Chinese interviewees were raised with relatively more resources and,
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thereby, were less likely to be frugal than the older Chinese.
The Mexican immigrants in this study mentioned energy-saving activities, such as
turning off lights that were unused. However, they also exhibit interesting differences
from Chinese immigrants and Whites. Most of the Mexicans set room temperature
around 70 °F during winter, while three families set as high as 75 °F or even 80 °F.
Among the 12 interviewees who had air conditioners, eight set lower than 70 °F in
summer, and five lowered to 60 °F. Mexican interviewees also used washers and dryers
more frequently than two other groups, probably due to their larger family sizes—nearly
half of them had five or more family members. Two of them reported that they line-dried
laundry. Hence, Mexican immigrant households seemed to consume more energy for
heating, air conditioning, and washing than Chinese immigrants and similar to Whites in
this regard.
Transportation
The statement of a White interviewee that “I live in my car” may exaggerate the
frequency of car driving but highlights the vital role of the automobile in Americans’
lives. However, the widespread use of the automobile contributes to air pollution. The
cities where most of the interviewees lived in provided free public transportation. The
university also offered free shuttles transporting students around the campus. However,
driving a car was still important for many residents.
The disparity in driving between the U.S.-born and Chinese-born interviewees is
remarkable. All the interviewees had at least one car in their household, except two new
Chinese students who expressed the desire to buy a car sooner or later. Most of the U.S.born Whites reported that annual average miles per driver in their household were from
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10,000 to 20,000 miles, while the majority of the Chinese immigrants drove fewer than
10,000 miles annually. Besides, the U.S.-born Whites were more likely than the Chinese
to drive a pickup, a big SUV, or a sports car that creates high emissions. Although the
major purposes of driving a car for both groups were commuting, transporting kids to
activities, and running errands, long-distance travel substantially increased the mileages
of the U.S.-born interviewees. Chinese immigrants generally have fewer family members,
friends, and relatives in the USA to visit than Americans and, thus, do less long-distance
driving. Six U.S.-born Whites but only one Chinese mentioned they drove long distances
to visit their family members during summer. One U.S.-born White and two of her family
members each commuted 3 hours every weekday. Compared to the U.S.-born Whites, the
Chinese immigrants were less likely to live in remote areas that demand more driving.
These differences in driving suggest that the Chinese immigrants generated fewer driving
emissions than the U.S.-born Whites did.
The majority of Mexican interviewees drove old cars, except two who did not
drive. Six of them drove less than 10, 000 miles per year; six others drove more than
10,000 miles. The remaining six interviewees did not know their mileage, but two of
them drove long distances. In general, both Mexican and Chinese immigrants drove less
than Whites.
Waste Management
The Chinese immigrants generally produced smaller amounts of household waste
than the U.S.-born Whites because they often cooked on a daily basis and ate less
packaged foods. They were typically critical about the use of disposable paper and plastic
goods. Most of the Chinese interviewees used plastic shopping bags as trash bags as a
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way to reduce plastic use, regardless of income and occupation. However, the plastic
shopping bags would be too small for the U.S.-born Whites who cooked less and bought
more packaged foods than the Chinese immigrants. None of the U.S.-born interviewees
mentioned they reused shopping bags, though some of them returned the bags to stores. A
Chinese immigrant who arrived in recent years said:
We should save energy, such as [reducing the use of] disposable utensils and
plastic bags. I rarely use these. When I came to the USA, I was surprised by
the wide use of these plastic things. They have something to do with air
quality.
The interviewees who lived in apartments had no convenient access to recycling
bins. Among them, almost all the Chinese interviewees recycled cardboard; only one
White was active in recycling.
Both the U.S.-born Whites and the Chinese immigrants who lived in single-family
houses typically had two to three bins for waste, recycling, and green waste, and did
better in recycling than those living in apartments. A few families in both groups were
dedicated to recycling. A U.S.-born White said:
I buy as much as I can that can be recycled. We recycle our newspapers, all
the things the city takes, all the things the university takes, [such as] glass. I
guess that’s about all we can recycle right now. Cans, the city takes also.
We’re pretty good about recycling.
Almost all Mexican immigrants recycled plastics or reused household items. For
instance, they used plastic shopping bags as trash bags and empty containers to store
food.

123

Wood Burning
Wood burning is a major factor of winter inversions in the study areas. A few
U.S.-born families in this study had wood burning fireplaces or stoves. Two of them
constantly used wood burning for heating during winter. Chinese immigrants did not burn
wood. Four of them were concerned about the impact of various forms of burning on air
quality, such as burning leaves, barbecuing, and other outdoor burning. A Chinese who
has lived in the USA for 17 years said:
We don’t burn anything. Air quality often gets worse from fall onwards.
That’s because the fall leaves are burned. Smog is trapped in the valley and
can’t get out. We collect our leaves to compost only. We never burn.
The U.S.-born Whites have a different understanding of burning, as one of them
said:
We recycle. We have a green waste sweeper. We have a burn pile. We have
anything that’s recyclable.
The different views reveal a cultural difference in environmental tradeoffs
between wood burning and air quality. For the Whites, it is natural to burn green waste or
use wood burning fireplaces, even though it emits air pollution.
Assimilation
Assimilation research shows that the minimum cutoff is 10 to 15 years for being a
long-term immigrant (Beyer 2016; Borjas 1985). Among 10 of the Chinese immigrants in
this study who have been living in the USA for more than 10 years, five of them had
come 15 years ago. The changes in environmental behaviors among the Chinese
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immigrants and the distinction between the long-term and short-term immigrants
illustrate the importance of culture on environmental behaviors in threefold ways.
First, Chinese immigrants often acculturated to the dominant American
environmental behaviors over time, more or less. These changes were largely
demonstrated by the acceptance of dryers and dishwashers, by driving more, and by
increased picking up of litter. A Chinese interviewee who has lived more than 10 years in
the USA described the process:
We were surprised by using dryers and dishwashers when we came to the
USA. How can they use things like that? We prefer drying clothes under the
sun to kill bacteria. When time went by, we saw others used dryers. So we
started to use [the dryer]. Of course, how can’t it not be good to use energy
[laughter]?... I think we changed after about 5 years in the USA. Then, from 5
to 10 years, we were willing to accept and find the pros and cons. After 10
years, I would say we were very close to the American way of life.
This acculturation was more evident among younger immigrants. A Chinese
interviewee who immigrated many years ago as a child noticed:
I might be kind of wasteful [laughter]. I used more energy than other
Chinese…. Oftentimes, I would walk in China. But in the USA, people drive
a car even just go to the opposite side of the street [laughter]. This is
definitely an American style. I would say I became more and more like an
American.
Second, the effect of assimilation on environmental behaviors of the Chinese
immigrants was mediated by the influence of Chinese culture. Although the Chinese
immigrants may gradually acculturate to the American style of energy use over time,
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such as using dryers and dishwashers, they have maintained their frugality in household
energy use. Most Chinese interviewees insisted that thrift is a virtue, and they would
continue to be frugal. Meanwhile, they were willing to engage in pro-environmental
behaviors they learned in the USA, such as dedicated recycling. A long-term Chinese
immigrant said:
I’d like to do things if it’s good for society and my family…. We weren’t
required to recycle in China. But we are conscious of recycling in the USA.
There are recycling bins. So we do our best to recycle…. On the other side,
Americans like to have many lights on and make beautiful lighting in their
houses. We won’t follow this way.
Third, China’s booming economy in recent decades shortens the time of
acculturation for young immigrants. The young Chinese immigrants grew up in a more
affluent situation than earlier Chinese immigrants did. As a result, they were not as frugal
as their older cohorts. They were more likely than earlier Chinese immigrants to turn on
more lights, use air conditioners, set comfortable temperatures for heating and cooling,
accept the use of dryers and dishwashers, and drive more. This is especially true for
Chinese undergraduate students in this study whose parents paid for their expensive
international student tuition and living expenses. Raised in more affluent families, they
were less concerned with thrift than the older Chinese.
Mexican immigrants also noticed changes in their environmental behaviors over
time. On the one hand, they drove more, used washers, dryers, and dishwashers more
frequently as they stayed longer in the USA. On the other hand, they have learned
recycling which they were not aware of in Mexico. Most of them do not connect their
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behaviors to Mexican culture. Instead, they attribute their changing behaviors to different
situations in Mexico and the USA, particularly economic disparity. They started to use
household appliances that were not available when they were in Mexico, while they also
kept thrifty habits such as reusing household items.
Similarities
Social Contexts
Interviewees from all the three groups, i.e., the U.S.-born Whites, the Chinese
immigrants, and the Mexican immigrants, complained that it was not easy to engage in
some environmentally friendly behaviors in certain social contexts. They were concerned
about the convenience of public transportation, drying clothes outside, the prevalence of
plastic bags, access to recycling, and old appliances in some apartments.
None of the interviewees thought they could actually cut down on driving for
environmental reasons, though they expressed a desire to purchase a hybrid car, idle less,
or combine errands into one trip. Most of them mentioned that they cannot reduce driving
because there were no other options. In the cities, public transportation was limited to
buses, with a small number of routes that may not be near peoples’ homes. A Chinese
compared public transportation in China with that in the USA and concluded that she
would prefer not to drive if there were advanced public transportation systems in the
USA. A White interviewee who lived in a small town and drove a lot said:
[G]rowing up here in the valley, I know that we’ve seen the air quality
decline over the last several years. I think we are conscious of it, we are just
not in a situation right now that we feel like we can do much to change our
behaviors.
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Drying clothing outside under the sun is very common in China, and it is believed
to be a good way to not only dry clothes but also kill bacteria and dust mites. Some
Chinese interviewees said that they had to use dryers because drying outside seemed not
acceptable in the USA, though the convenience of using a dryer was also an attraction.
These comments echo Hackett and Lutzenhiser’s (1991) argument that immigrants have
to think about whether their activities are appropriate in a new destination. Although
drying clothing on a line is obviously much more pro-environmental than using a dryer,
only 10 Chinese interviewees and five U.S.-born Whites line-dried at least sometimes. A
Chinese interviewee who has been in the USA for more than 10 years said:
We have gotten used to the dryer. Previously we did line-drying. But now…I
feel there’s no place [outside] to line-dry. And it’s also not appropriate to dry
outside the house [in the USA]. So, we decided to use a dryer.
Plastic bags are widely used in the USA. Most White interviewees were not
concerned about using plastic bags, as long as they were recycled. Only one White
interviewee noticed the effect of social context on plastic use because of her crosscultural experience:
I lived in Germany for a year and a half.… And there, they don’t have plastic
bags, right? You just like stick stuff in your bag. I got back to America and I
went shopping with my friend and we only bought a few things. I was just
like shoving them into my backpack after we bought them and she’s like,
stops me, just like, “What are you doing? You can’t do that” [laughter].… I
do use the plastic bags but it’s mostly because of a culture norm thing. If I
had my way, I would just shove some of the stuff that I buy into my
backpack. But it’s not culturally accepted here [laughter].
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From the perspective of most Chinese interviewees, plastic bags were excessively
used in the USA. China has been promoting less use of plastic bags for years. A recent
Chinese immigrant was surprised by the wide use of plastic bags in the USA:
The store cashiers often give you too many plastic bags. That’s the issue. We
don’t need so many plastic bags. Personally speaking, I wouldn’t put only one
thing in one bag.
The availability of curbside recycling played an important role in recycling
among the interviewees in this study. The interviewees expressed their concerns that the
cities did not provide good access to recycling. Some became frustrated with recycling
due to limited access to recycle things other than cardboard and plastics. Recycling was
even less convenient for those living in the apartments where recycling bins were often
absent.
Given these social contexts, the interviewees, both the U.S.-born Whites and the
immigrants, were discouraged from being more pro-environmental. They had to use older
appliances in the apartments that may be less energy-efficient, drive a lot and create more
emissions, give up line-drying and use a dryer instead, use more plastics, and recycle less
than they wanted.
Cost Consideration
Cost was often the priority for both the U.S.-born and foreign-born interviewees.
Most interviewees acknowledged that it would be better for the environment if people
used solar panels rather than regular electricity or natural gas, if they replaced old
appliances for heating or cooking with new energy-saving ones, or if they bought more
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organic foods. Although a few interviewees were interested in solar energy, only one was
able to put solar panels on his roof. The interviewees repeatedly brought up the issue of
extra costs to be pro-environmental. A White woman said:
I like [to be] more efficient, but again, to get rid of those appliances and
replace them, there’s a cost.
A Chinese who immigrated more than 15 years ago responded to the question of
how likely she would buy organic or environmentally friendly goods:
Not really. I have to consider the cost. Some of these kinds of goods are
expensive. I often compare the cost and effectiveness [of the goods] to decide
whether to buy. It’s not my priority to buy these goods just because they are
recyclable.
Cost was the most practical consideration in the decision of adopting proenvironmental behaviors for both the U.S.-born Whites and the immigrants. They tried to
find a balance between cost and effectiveness.
Conclusions
The debate over the immigration-environment relationship has been focusing on
population pressure caused by immigrants and ignoring the potential of cultural diversity
to promote environmental sustainability (Klocker and Head 2013). This study starts the
exploration of household environmental behaviors among immigrants and U.S.-born
Whites, with the aim to uncover cultural influence on the environment and the new
possibilities for environmentalism. Drawing on face-to-face interviews, this analysis
finds both differences and similarities in environmental behaviors between the U.S.-born
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Whites, the Chinese immigrants, and the Mexican immigrants, as well as the integration
and disintegration of immigrants into the American lifestyle.
The U.S.-born Whites and the immigrants differed significantly in household
environmental behaviors, probably as the result of cultural differences. The U.S.-born
Whites, on average, used more energy and plastics and drove more than the Chinese and
Mexican immigrants, which implies they may contribute more harm to the environment.
The findings are consistent with the previous research that immigrants, in general, used
less energy, drove less, and recycled more than U.S.-born people (Chatman and Klein
2009; Hunter 2000; Pfeffer and Stycos 2002), and Asians particularly used less energy
and were eager to recycle (Hackett and Lutzenhiser 1991; Johnson et al. 2004;
Lutzenhiser 1997). The relatively strong pro-environmental behaviors of the Chinese
immigrants were shaped by Chinese culture that views thrift as a virtue and prefers a
natural lifestyle, such as using clotheslines instead of dryers, using natural ventilation
instead of heavily relying on air conditioners, and reducing energy use. The Mexican
immigrants linked their thrifty behaviors to poverty in Mexico when they grew up. They
used more household energy, drove more as adapting to life in the USA, while reusing
plastics and other items as a habit built in Mexico. A few U.S.-born Whites in this study
claimed they were environmentally conscientious and intentionally reduced energy use or
drove less. Nevertheless, the American lifestyle has an emphasis on material comfort,
which inherently demands more energy and generates more harm to the environment.
However, the pro-environmental behaviors of the immigrants faded away over
time due to assimilation into American mainstream culture. This is in line with prior
findings of other immigrant groups. During the process of assimilation, immigrants
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significantly used more energy, drove more, and produced more waste and pollution,
though they may also increase recycling. Younger Chinese immigrants even experienced
accelerated acculturation since they grew up during China’s economic boom and were
influenced by American culture from their early ages. The American lifestyle heavily
relies on technologies to keep a high standard of living but overlooks the trade-off
between convenience and environmental harm. The United States, with 4.7% of the
world’s population, disproportionately consumed 25.3% of all fossil fuels in 2000 (Ewing
2004). As immigrants become more similar to U.S.-born Whites in environmental
behaviors, their ecological footprints would increase. Assimilation of immigrants into
American environmental behaviors thereby amounts to a hindrance, which increases
environmental harm, rather than a boon as assumed. It is imperative to take brave steps to
reflect on high-consumption lifestyles and open environmentalism to possible
alternatives.
Ethnic diversity can be an advantage rather than an environmental liability in a
multicultural context (Bradley 2009; Head et al. 2018; Klocker and Head 2013). While
immigration inevitably increases population pressure on the environment in the host
countries, it brings diverse cultural capitals that offer opportunities as well.
Unidirectional assimilation of ethnic minorities into mainstream culture assumes that
Western norms and practices are the most appropriate and, thereby, neglects the potential
for improvement. In this study, the Chinese immigrants had to give up line-drying under
social pressure, which demonstrates forced assimilation (Carter et al. 2013; Smith 2006).
Instead, reciprocal assimilation between immigrants and native-born people allows
learning from diverse cultures for the good of the environment, without supposing the
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superiority of one environmentalism over another. While the Chinese immigrants were
concerned about the American style of excessive energy use, they were eager to sort and
recycle as their American neighbors did. The Mexican immigrants mentioned how they
learned recycling and no littering in the USA. In contrast, the U.S.-born Whites seldom
expressed their reflection on daily environmental behaviors or interest in environmental
behaviors of ethnic minorities. Environmental harm can be reduced if both U.S.-born
Whites and immigrants learn the strengths of daily environmental practices from each
other. Immigrants can learn pro-environmental practices in the USA such as recycling
and the use of canvas bags. U.S.-born Whites can also make an effort to reduce heavy
reliance on air conditioners, drive less, and use fewer plastic bags.
Household environmental behaviors affect the environment on a daily basis, and it
is a key area for environmental sustainability. Some household environmental behaviors
are subject to social contexts, such as availability and convenience of public
transportation, access to recycling, and the prevalence of plastic bags. Others may be
limited by economic costs. The findings indicate policy strategies to foster engagement
among the public for sustainability. First, environmental education is an important way to
make changes. There is a need for informing people of how their daily lives are linked to
the environment and the alternative ways of life that are more environmentally friendly.
Studies on environmental behaviors of diverse cultures will provide further knowledge
about the potential. Second, diverse cultures can be integrated into the policy process.
Environmental policy that recognizes the benefit of cultural diversity holds promise for
sustainability. Lastly, supportive institutions and infrastructure are highly desired to
enable action. These may include developing convenient public transportation, providing
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more access to recycling, especially for the apartments, regulating or banning plastic use,
and subsidizing solar energy use, among other things.
This study suggests a couple of directions for future research. First, more attention
needs to be paid to cultural diversity for environmental sustainability. Further empirical
studies on environmental behaviors of diverse ethnicities using a variety of
methodologies will uncover alternative possibilities for everyday sustainabilities. The
findings of these analyses will greatly inform the public and policymakers of the potential
for addressing environmental challenges. Second, research can move beyond assimilation
of immigrants into the mainstream towards reciprocal assimilation that recognizes
cultural diversity and its potential for environmental sustainability. Given the high energy
consumption and large ecological footprints in the USA, it is necessary to rethink
American environmentalism and incorporate other cultures into the environmental
framework.
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CHAPTER V
CONCLUSION

The environmental impact of immigration lies at the intersection of immigration
and environmental issues, which are contentious and have a great influence on society.
Yet, the relationship between immigration and the environment has not been
systematically examined. Although immigration is the driving force of population growth
in the USA, this population increase is important for the nation with an aging population
and a lower fertility rate than replacement level. Environmental restrictionism has been
criticized for using environmental pressure to justify the restriction on immigration
(Hultgren 2014; Neumayer 2006). While immigration can be an easy target, blaming
immigration diverts attention from addressing the issues associated with either
immigration or the environment. The key to address the issues is examining whether
immigrant population causes environmental harm disproportionately to its numbers
(Kraly 1998).
All populations consume natural resources and generate waste and pollution. The
difference is the amount that each population consumes and generates. On the one hand,
research finds that immigrants tend to have a smaller environmental footprint than nativeborn people. Quantitative research finds that the U.S.-born population is more likely to be
associated with worse air quality, while the immigrant population is more likely to be
associated with better air quality (Cramer 1998; Price and Feldmeyer 2012; Squalli 2009,
2010). Similarly, qualitative research shows that immigrants are more likely than nativeborn people to use public transportation, drive less, and use less energy (Australian
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Bureau of Statistics 2012; Blumenberg and Smart 2010; Chatman and Klein 2009; Heisz
and Schellenberg 2004; Hunter 2000; Pfeffer and Stycos 2002; Uteng 2009).
On the other hand, the high-consumption lifestyle in the USA has been
overlooked. Scholars, largely outside the USA, call for a rethinking of Western
environmentalism that prioritizes dominant culture over ethnic cultures and ignores highconsumption lifestyles (Baldwin 2009; Bradley 2009; Head et al. 2019; Klocker and
Head 2013; Merchant 2003; Neumayer 2006). Cultural diversity has been recognized as a
valuable resource for promoting environmental sustainability (Anderson 2005; Bradley
2009; Ehrlich 2002; Goodall 2008; Head et al. 2019; Klocker and Head 2013).
My dissertation examines the environmental consequences of immigration and
compares environmental behaviors between U.S.-born and foreign-born populations. The
two quantitative studies advance the literature by accounting for spatial autocorrelation of
air quality at the county level. One cross-sectional study covers the entire U.S. continent,
and one panel study analyzes the association between populations and air quality over a
time span of eight years. The qualitative study investigates household environmental
behaviors to explain the varying associations between U.S.-born and foreign-born
populations and the environment.
Discussion
My dissertation provides some interesting findings. The spatial cross-sectional
study shows that a larger U.S.-born population is significantly associated with worse air
quality while immigrant population is associated with better air quality. Accounting for
spatial autocorrelation of the data across the contiguous U.S. counties, this study supports
the previous studies (Cramer 1998; Price and Feldmeyer 2012; Squalli 2009, 2010).
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However, like the other studies, this research is not able to determine causality but mere
association. Population, either U.S.-born or foreign-born, may not significantly affect air
quality but may be pulled or deterred by air quality in a certain area.
The spatial panel study gains deeper insights into the associations between
population and air quality. It finds that populations, including total population, U.S.-born
population, and sometimes foreign-born population, are associated with better air quality
across approximately one-third of U.S. contiguous counties over time. This result is
incongruent with prior findings that population size is generally associated with some
pollutants (Cole and Neumayer 2004; Cramer 1998; Cramer and Cheney 2000; Lankao et
al. 2009; Laureti et al. 2014; Preston 1996; Price and Feldmeyer 2012; Squalli 2009,
2010) and that U.S.-born population is more likely than foreign-born population to be
associated with worse air quality in my spatial cross-sectional study and other studies
(Cramer 1998; Price and Feldmeyer 2012; Squalli 2009, 2010).
The disparity in the findings between my panel study and prior studies is probably
a result of differences in data and methodologies. The spatial panel study accounts for
spatial autocorrelation of the data for the first time in the studies on the populationenvironment relationship. The finding is in accordance with political economy theories
that population growth is not the primary cause of air pollution. It also supports the
empirical studies that the developed countries consume more natural resources and
contribute to more environmental harms (Ewing 2004; York and Rosa 2012) and the
consequences of the overconsumption in these countries are transported to developing
countries through ecologically unequal exchange (Bunker 1984; Hoekstra et al. 2016;
Jorgenson and Clark 2009; Rice 2007; Roberts and Parks 2007; Weber and Matthews
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2007). Therefore, population pressure on the environment in the USA is mitigated by
transferring environmental problems to other countries in the capitalist world system.
While the spatial panel study finds that population is not the root cause of air
pollution, the cross-sectional study indicates that, at least in the short run, associations
with air quality vary by populations. These differential associations are supported by the
studies showing that immigrants may be less harmful to the environment because of their
lower consumption than U.S.-born people (Atiles and Bohon 2003; Blumenberg and
Shiki 2008; Bohon et al. 2008; Chatman and Klein 2009; Hunter 2000; Pfeffer and
Stycos 2002; Takahashi et al. 2017). The variations may be related to cultural, political,
and economic contexts that shape consumption patterns.
The qualitative study explores cultural differences underpinning the varying
associations with the environment. Chinese and Mexican immigrants are more likely than
U.S.-born Whites to use less energy, drive less, recycle, and produce less waste, although
there are also notable differences in behaviors between Chinese and Mexican immigrants.
This result is in line with prior studies on environmental behaviors of immigrants, but
also highlights the importance of understanding the cultural values behind environmental
actions (Chatman and Klein 2009; Hackett and Lutzenhiser 1991; Hunter 2000; Johnson
et al. 2004; Lutzenhiser 1997; Pfeffer and Stycos 2002). The finding seems inconsistent
with the spatial cross-sectional study showing that Chinese immigrants are associated
with worse air quality and Mexican immigrants are not statistically associated with air
quality. However, Asians, including Chinese immigrants, are more likely to live in urban
areas (Jensen 2006). Therefore, Chinese immigrants’ association with worse air quality is
possibly a result of settlement choices rather than consumption patterns. The diaspora of
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Mexican immigrants in the USA also indicates variations in their relationships with air
quality.
Nevertheless, the pro-environmental behaviors of the immigrants decline as they
assimilate into the American lifestyle featured by the high-consumption of energy. It
thereby raises questions about assimilation. If the assimilation of immigrants into the
mainstream culture is not good for the environment, why should assimilation be a policy
priority? Is the assumption that American environmentalism is superior to those of
immigrants a barrier to environmental sustainability? How can ethnic diversity be
incorporated into the mainstream environmentalism to advance environmental
sustainability? These questions deserve more considerations in the effort toward
environmental sustainability in the USA.
Policy Implications
The findings of my dissertation suggest a few policy implications. First, policies
restricting immigration would not effectively improve environmental quality such as air
quality in the USA. Immigrant population is less likely to be associated with worse air
quality than U.S.-born population and more likely to engage in behaviors that cause less
harm to the environment. Although cutting down the numbers of immigrants reduces
population size and growth simultaneously, high-consumption rates by the U.S.-born
population are likely to offset this bonus and perpetuate environmental issues.
Second, more attention should be paid to the effect of high-consumption lifestyles
on the environment. Both the public and the policymakers should be informed of the
environmental consequences of high-consumption lifestyles. U.S.-born people often take
their lifestyle for granted without thinking of alternatives. However, high consumption
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creates environmental problems not only in the USA but also overseas through
ecologically unequal exchange. The interconnectedness of the environment does not
allow any population to be separated from the environment in other areas on the earth.
Environmental education would help people to connect their daily life with the
environment and develop an awareness of responsible environmental behavior. Policies
could also direct people towards more environmentally friendly behaviors.
Third, joint efforts need to be made to address environmental issues that are
rooted in the political and economic systems. The political economy approach posits that
a capitalist system drives high consumption which causes environmental harm (Kovel
2002; Park and Pellow 2011; Schnaiberg 1980, Speth 2008). While educating the public
is important to make a change, capitalism influences people’s daily decisions more
powerfully. The environment cannot be improved without addressing the driving force
behind the high consumption.
Fourth, social context should also be considered in encouraging people to be
environmentally friendly. It is highly desired to provide institutional support and
infrastructure to engage people in environmentally responsible behaviors. Convenient and
advanced public transportation would reduce driving emissions. More access to
recycling would make it easy for people to engage in recycling. It is sustainable to
promote clean energy such as solar energy through subsidization or other incentives.
Lastly, environmental policy should take diverse cultures into consideration.
While American consumerism is not environmentally friendly, it is necessary to find
alternatives for environmental sustainability. It is promising to learn from other ethnic
cultures about the practices that are less harmful to the environment. The USA has the
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advantage of diverse ethnicities and cultures that can contribute to environmental
sustainability.
Future Research
This work began as an effort to explore the possible differences in environmental
impact between immigrants and U.S.-born people, using spatial analysis of air quality
and interviews of environmental behaviors. Given the availability of data, methodologies,
and funding, this work suffers some limitations. It indicates several directions for future
research. First, spatial studies of environmental impact can contribute substantially to our
understanding of the relationship between population and the environment. The
environmental impact is still understudied. Research can extend spatial studies to lower
levels of analysis than county level to measure the characteristics of the locations more
accurately, and thus, provide better knowledge about the relationships between
population and the environment.
Second, the impact on other domains of the environment needs to be investigated.
There are various indicators of environmental quality, such as water and land quality.
Spatial analysis is very useful to study environmental issues because of the
autocorrelation of the environment across spatial units. Research on various domains of
the environment would assess the association between population/immigration and the
environment comprehensively.
Third, research on environmental behaviors may use various methods other than
interview. For instance, survey can collect more information from larger and more
immigrant populations. Comparative studies of various ethnic minorities will shed light
on the different practices and their impacts on the environment. These analyses will be
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informative for the public and policymakers to make an effort for change.
Fourth, assimilation research that turns to reciprocal assimilation instead of
assimilation of immigrants into the mainstream holds promise for environmental
sustainability by bridging values of diverse cultures. The traditional assimilation theory
assumes that mainstream culture is superior to the immigrants’ cultures and needs to be
adopted by immigrants. The more harm caused by American consumerism than other
ethnic values reminds us that assimilation can be reciprocal for the sake of the
environment.
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